AT THE | 
Accomprtant's-Office, 


Fir Qualifying Tung GENTLEMEN | 


for BusINess, in Abchurch-Lane : 


H Ex are Taught the MATHEMATICKS, 


Writing, Arithmetick, and the Italian Method 


of BOOK-KEEPING, as now practis'd by Mer- 
chants, and Men of Buſineſs ; with the ſhorteſt _ 


Way of Computing the Cuſtoms, E XCHA NGES, 
Intereſt, and DISCOUNT; And after a New, 
Expeditious, and Approv'd Manner of Inſtruction, 


free from the Interruptions or Loſs of Time in 
common Schools, are fitted for Trades, Merchandize, * 


the Publick Offices, Attornies Clerks, Stewardſhips, or any 
Parts of Buſineſs, By THOMAS WATTS, Au- 

thor of the Eſſay on the Proper Method for forming the 
Man of Buſineſs, N 


N. B. There are all Conveniencies for Boarders 
and ſuch Gentlemen as deſire to be Inſtructe 
in Pri vate. e 
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MECHANICKS: 


The Scisnce of the Effects of 


| [In this "TRANSLATION are inſerted Dates 


Uſeful for all Artificers, as well as Natural | . 


TREATIS E 


POWER RS, or MovIN d FORCEs, as 
apply'd to Machines, demonſtrated from 
its firſt Principles. 


Done out of FRENCH. 


| References to the ſeveral Propoſitions in EUCLID, 
on which the Demonſtrations are built: Wich 
conſiderable Additions, whereby the Whole is 
more Compleat and Unixerſal, LY articularly 

the Riſing and Falling of the Quicklit Iver in the 
Weather-Glaſs explain'd and accounted for. 


. Philoſophers and Mathematicians. 


By THOMAS WATTS, 


0 the Accomptant's Office for ualihin 
4 Toung Gentlemen for Buſs %. hy 


The Sz conv SDITION. 


LONDON 


Printed for Edward Symon, at the Corner of Popes. 
| Head-Alley in Cornbill, and Sold by Francis Clo, at 


| the Bible without Temple-Bar. 1717. 


wan] „ ., 
vo 
LY 


ory . — Us , 
y "0 9 . 99 n 2 N * 7 * 
* , * * EPS ke n — * r 


* 
fr Ds. 3 > 


— — — — — 


— — —— — 


— 


— 2 — 


— 


0 1 A 8 XL = 
= = 485 | N Di 
ORE Ty 


0 Honour this Small 

T Piece with Your Name 
is a Liberty J durſt not 
ö preſume to have taken, 
| had not Your Candour and Hu- 
manity been as vifible to the 
World, as Your Peculiar Excel- 


| lency in Your Profeſſion is bene- 
| ficial to » Mankind. 


Az But 


The Dedication. 


But, Sir, the Subject marks You 


out for its Protector; for the Inge- | 


nious Labours of the Dead cannot 


better be preſerv'd than under the 
Patronage of the moſt Eminent a- 
mong the Living: Nor M.Rohault 

in an Eugliſb Dreſs better hope to 


ſucceed, . when countenanc'd 


by You, Sir, who are ſo perfect 
a Maſter of thoſe Principles He 


advances, and on which the mo- 
dern Diſcoveries in Philoſophy, 


and elpectally in Anatomy, are 


founded. 1 
Beſides, Sir, that Health would 
be ill employ'd, which, under 
Gov, You, have more than 


once reſtor'd, without ſome Te- 


ſtimony of Gratitude. Where- 
fore I humbly hope You will ac- | 


cept this as ſuch, being no more 


able to diſcharge my Obligations 


on that Account, than to attempt 


| that Bright and Univerſal Cha- 


racter 
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| The Dedication. 
ou | rafter You poſſeſs. With a ſin- 
ge- | cere Acknowledgment of the one, 
not and with a due Admiration of the 


the other, I beg leave to ſubſcribe 
A- | ad ſelf, 


5 , | 
ec | Pom . 
wn moſt Oblig'd and 
= moſt Obedient 


Humble Servant, 


From the 
Accompt ant s-Office, 
May 23. 1716; 


Thomas Watts. 
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IEE folowing Tranſlation was be- 
gun at the Inſtance and Deſire of 
that Excellent Mathematician Mr. 


Chrift's- Church-Hoſpital. Upon that Gen- 
tleman t unhappy Death the Deſign was wholly 
laid aſide for ſome Time, till at laſt obſerving 
that ſome competent Underſtanding of Mecha- 


nicks was not altogether foreign to the Deſign 1 


then was forming, and have lately enter'd upon, 


„f Qualifying Young Gentlemen, Cc. (as 
may be ſeen at large in my Eſſay upon that Sub- 


Jett) and finding theſe Papers already brought to 
ſome Degree of Forwardneſs by my Friend, who 
undertook the Tranſlation at Mr. Ditton's Re- 
queſt, and was ſo kind as to put em into my 
Hands, I thought proper to Reviſe and finiſh*em, 
and immediately commit em to the Preſs ; not 
only for the Uſe of the Publick, but more parti- 

cularly for my own Uſe, and the Uſe of thoſe 
Gentlemen that are or ſhall be under my Care; 


ng Whom T intend to read this Bock both as 


an 
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The PREFACE. 


an eaſy Introduction to a thorough Underſtanding 


of Mechanicks, and alſo as a kind of Praxis 
upon Euclid's Elements, excerciſing the Learn- 


er in the Uſe and proper Manner of applying thoſe 
Propoſitions which by Wer . 5 and 

unentertaining to Beginners, and are for that Rea- 
ſon ſo difficult both to underſtand and remember: 
To this End I have added in the Tranſlation the 
References to the Propoſitions in Euclid upon 


which the Demonſtrations are built ; and have 
alſo printed the Propoſitions themſelves at the End 
of the Book, both for my own and the Learner's 
Eaſe in turning to them. | 


It would be ſuperfluous to ſpend Time in * 
Recommendation of the Study of Mechanicks, 


it being undeniably evident, that there is nothing 


in Art or Nature but what is founded upon theſe 
very Principles, to which both common Life 


and ſound Philoſophy are equally beholden. 


As to this Treatiſe in particular, which was 
printed in French amongſt the Poſthumous 


Works of Monſieur Rohault, it is not only ex- 
ceeding clear and perſpicuous, and eaſy to be un- 
derſtood by Learners, as every Introduction ought 


to be, but is alſo ſolid and ſubſtantial, and goes 


to the wery Bottom of Things, beginning with 


the moſt common and ordinary Phænomena of 
Nature, and from thence by Degrees leading us 


on to the moſt uſeful and important Diſcoveries, 


If ſome of the Demonſtrations are not ſo ſhort as 
they might be, that is owing partly to the Au- 
thor's abſtaining altogether from Algebraical 
Characters, and expreſſing himſelf in Words at 


length, and partly becauſe it was neceſſary to the 


Proſecution of the Deſign he ſeems to have pro- 
os d to himſelf, of following the Maxims men- 


tion? 
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tion d by Ariſtotle towards the Beginning of his 
Mechanical Queſtions, That all Mechani- 
and Lever. 

However, the Length of ſome of the Demon- 


cal Powers may be reduc'd to the Ballance 


ſtrations is abundantly recompens d by the Eaſi- 


neſs of all: And by this Means alſo the whole 


Work is render d more ſurprizing and entertain- 
ing when we obſerve that there is nothing in it 


but what is dire&ly deduc'd from that ſingle 
Principle which you have in the Firſt Propo- 
ſition, CEN 

If our Author in his Definition of Gravity, or 
in an Expreſſion or 120 beſides, ſeems to refer to 


the Carteſian Philoſophy, now deſervedly explo- 


ded, yet it is done in ſuch a Manner, as does not 


in the leaſt affect the Demonſtrations, which will 


be equally true, whatſoever Hypotheſis we follow 


in thoſe Points, „„ 
This Treatiſe was indeed formerly turn'd into 


Latin, but only printed at the End of Rohault's 
Phy licks, tranſlated into that Language, a Book 
nom not much eſteem'd, ſince the Publication of 


an excellent Verſion of the ſame Treatiſe of Phy- 
licks, with Annotations, by the Reverend Dr. 
Clark. It was reaſonable therefore, that ſo cu- 
rious a Syſtem of Mechanicks ſhould no longer 


lie hid where it was likely to continue ſo, but 


ſhould be made to appear in Publick by its ſelf, 


and that (to render it more generally uſeful) in 

an Engliſh Dreſs. * 
Beſides, the many Errors and Defe&s in the 
Latin Verſion made it neceſſary to give it a new 
Tranſlation, For not to mention the Confuſion 
in the References to the Schemes, which are here 
amended ; 
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amended. ; the omitting ſome Letters in the 
Schemes and. miſplacing of others, which are here 


_ ſupplied and ſet right; the erronious drawing of 
| ſeveral Lines, which are bere rectiſyd da a 
to the Figures in the French Edition, and the 


Intent of the Author: There are alſo many Faults 


in the Tranſlation it ſelf of much greater Conſe- 


quence. To give an Inſtance or two : In Schol. 


4. of Prop. 18. the Tranſlator omits one principal 
Circumſtance in the Suppoſition, Remarquez 
auſſi (ſays Monſicur Rohault) que fi la Puiſ- 
ſance que s'applique en P, etoit un homme 


que ne tinſt a la Terre que par la Peſan- 


teur, &c. that is, Obſerve farther, that if 
the Power applied at P were a Man faſt- 


end to the Earth only by his own Gra- 
vity, & c. But the Tranſlator ſays, Hic etiam 
notandum eſt; quod fi quis hærens in Ter- 
ram vices Potentiæ in P, appoſitæ ageret, 


Ec. taking n notice of. the Words que par ſa 


Peſanteur, upon which the Streſs of the whole 


Matter lies. In Prop. 9. Schol. 2. the Latin 


gives us a Senſe direttly contrary to the Author's 
Meaning; the laſt Paragraph of that Scholium 


in the French begins thus, Mais cependant, 


il s' en faut encore quelque peu q'on ne 
parvienue per- la a une juſte Preciſion ; that 
is, But yet even by this Means they can 
never come exactly to the true Weight by 
ſome ſmall matter of Difference: But in 


the Latin *tis thus, Verum multum abeſt ut 


accuratum Pondus hac via invenias, when 


it ought to have been Verum paulum aliquid 
aberit, &c. But in the 2d Schol. of Prop. 4. 
the Tranſlator is altogether unintelligible ; the 
laſt Paragraph of that Scholium begins thus, 


Que 
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Que ſi pourtant quelqu” un ſouhaitoit de 

voir par experience ce que arriverdoit, en 
cas que Angle compris de deux Lignes 
de Direction ſüt ſenſible, comme il le 


pourroit Etre, fi la Balance etoit fort pro- 


che du Centre de la Terre, il n'auroit qu 
appliquer la Balance AC contre une mu- 


raille perpendiculaire a VHorizaon, enſort 


que le Fleau füt parallele a cette Mu- 
raille, & c. that is, However, if any one is 
deſirous to ſee by Experience what would 
happen in Caſe the Angle made by the 
Lines of Direction, were of any ſenſible 
Bigneſs, as it would be if the Ballance were 
very near to the Center of the Earth, he 


need only apply the Ballance ACB againſt 


a Wall perpendicular to the Horizon, ſo 


that Beam of the Ballance be plac'd paral- 
lel co the Wall, &c. Si quis tamen (ſays 


our Tranſlator) Experientia noſte cupiat, 
utrum anguli Linearum Directionis ſatis 
aperti ſint, & Libra à Centro Terræ non 
multum diſtet; contra Murum Horizonti 
e libram apponat ita ut 
uro Parallela ſunt Libra & Scapus. 
But not to detain the Reader any longer: I 


hall only inform him farther, That the Propoſi- 


tions in Euclid are referr d to thus (by 1: 32) 
that is, by the 32d Propoſition of the firſt 
Book; ard that two Figures in a Parentheſis, 


with a Point between em, as thus (9.5) ſignify 


Nine and five Tenths ; and that the Addi- 
tions ſhould have been inſerted in a different 
Character in the Body of the Book, but that 


they were not ready till it was too late, To 
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conclude, ſhould there notwithſtanding all the | 


Care has been taken be ſome Errata found in 
the Book, which we are perſuaded are not ma- 
ny, or of any great Coates it is hop'd the 
Publick will have the Goodneſs to pardon em, 
when they reflect what little Time I can have 
to ſpare from my daily Employment, and even 


what frequent Interruptions muſt accompany 


thoſe Moments, 


ERRATA. 


Age 143, Line 6. for, exactly upon the Line MFN, 
T read, exactly on the Line FN. 5 
Page 144, Line 7. for, its abſolute Gravity C. read, 
its abſolute Gravity. And Line 10. for, the Baſe Q, 
read, the Baſe. PE | 
Page 149, Line 25. for, But LH and FG, read But 
TH me © | | En 
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 DexinitIONS. 


HE Abſolute Gravity of a Bo- Abſotute 
dy contained in a fluid Me- . 
dium, is the Force by which 
that Body tends to a De- 
ſcent, when it is looſe and 
touches only the Parts of the Fluid. 

Thus the Abſolute Gravity of a Stone i in 

the Air, is the Force by which it tends to 
a Deſcent when it is looſe and touches 
only the Particles of the Air. 

2. The Relative Gravity of a Body 1 18 che Relative 
Force by which it tends to deſcend and Gravity. 
move, when it touches ſomething elſe be- 
ſides the Parts of the Medium in which it 


B Thus 
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Thus the Relative Gravity of a Body up- 
on an inclin'd Plane in the Air, is the 
Force by which the Body defcends or rolls 
and moves upon the Plane. 
Center of. 3. The Center of Magnitude of a Body is 
Magni- that Point which is as much as poſſible e- 


tude. qually diſtant from its Extremities. 
. 4. The Center of Motion of a Body, or the 
Motion. ff d Point, is a Point upon which that Body 


may reſt, and about which it may move. 


Center of _ F- The Center of Gravity of a Body is a 
: Gravity. Point round about which the Parts of that 


Body are diſpos'd and ballanc'd in ſuch a 
manner, that if it be ſuſtain d by chat 
Point, in any Situation whatfoever, the 
Parts which are on one ſide have neither 


more nor leſs Force than the Parts which 
are on the other; ſo that they all remain 


in Equilibria, and mutually hinder each 0- 
ther trom deſcending. 
6. That by which a Body may be ful. 


rained or moved is called a Pawer, or M- 
Ving Force. | 


by ity . 7+ The Quantity of a Power Wand 
Noms. by the Quantity of the Gravity of the Bo- 


dy upon which it acts, N it ſuſtains 
ic only, or whether it puſhes or draus it in 
the Line wherein it tends to deſcend. 


. Thus if the Body A tends. to deſcend. 


in the Line BC wich a Force of ten Pounds, 

the Forge which hinders.its Deſcent, whe- 
ther by ſuſtaining it barely, ar whether by 
puſhiog or drawing it from C towards. B, is 


Called a Power of ten Pounds; whence, it fol- 


| Tows, that one Power is double or triple of 
another Power, when it ſuſtains or lifts 


twice 
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up- twice or thrice as much as that other 
Power. 5 

rolls g. That by the Help of which a Body A M. 
zs either mov'd, or hindred from moving, chine. 


y-.15 zs called a Machine, 5 . 
Ce Machines are of two forts, Simple or 
be 3 1 

the Of Simple Machines there are commonly 

od: reckon'd Six, namely, the Ballance, the Le- 
ve. ver, the Pully, the Wheel and Axel. tree, the 
3 Wedge, and the Screw; to which may be 


| Z added the inclin'd Plane: It being certain, 
ch a that by means of the inclin'd Plane, very 
that _ heavy Bodies may be lifted, which could 


the not be moved without it. | 
ther As for Compound Machines, they are not 
hich ro be number'd; becaufe they may be 
Nai compos'd of the Simple Machines put to- 
ho- getther in an infinite Variety. | 


9. The Application of a Weight or a Pow- Applica- 
er to a Lever, is the Angle which the Line don. 
of Direction of that Weight or Power 
makes with the Lever. 

* 10. The Diſtance of a Power or Weight, Diſtance. 
is the Diſtance from that Place of the Ma- 
Chine to which the Power or Weight is 
applied to the Center of Motion. OE 

II. Mechanicks is the Science of the Ef- Mecha- 
fects of Powers or moving Forces, ſo far nicks. 
forth as they are applied to Machines. 


J EROLIUM, 


As in Geometry, the Demonſtrations 
concerning Lines and Superfices preſuppoſe 
that the Things themſelves are perfectly 
the ſame as we conceive em to be; foin 
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like manner that which is propos'd in Me- 


chanicks concerning Simple or Compound 
Machines, muſt be underſtood of ſuch 
Machines as have all that Exactneſs and 
Perfection which the Mind aſcribes to 
em. When therefore hereafter we ſhall 
ſpeak of a Ballance, it muſt be imagin'd 


to be a Line perfectly ſtraight, without 


Gravity, inflexible; and the Pin which 
{ſupports it to be the End of another Line 
equally ſtraight, inflexible, and without 
Gravity, which croſſes the former at right 
Angles. So when we ſpeak of a Pully, it 
muſt be conceiv'd exactly round, and the 
Axis without thickneſs as well as the 


Ropes, which we muſt alſo look upon as 


extreamly ſupple and pliable ; and ſo of 
the reſt. And tho' there are indeed no 
ſuch Machines which have all the Per- 
fection that is here ſuppos'd, yet they ate 


no otherwiſe to be eſteem'd defective, 


than as we find them by Experience to 


POSTULATES. 
1. That heavy Bodies tend to the Cen- 


ter of the Earth by ſtraight Lines, which 
may be taken for Parallels. ; 
2. A Power applied at right Angles, is 

capable of producing a greater Effe& than 
if it were applied at oblique Angles. 


.-: For Example, Suppoſe AB to be a Le- 
ver whole fix d Point is C, and the Point 


B the Place where the Power is applied: 
It is eaſy to perceive, that if BD perpen- 
e dtclcular 
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e- 
ind © gicular to the Lever be the Line of Di- 
ich rection of that Power, it will be able to 25 
ind * ſuſtain or lift a greater Weight applied at 
ro As, than if it acted by one of the Lines * 
hall BE or BF, which make oblique Angles k 
nd With the Lever. 
out 
oh: Axlous. 
ine 
out A.. 1. In heavy Bodies which are Rege- 
ght lar and Homogeneous (that is, which have all 
I their Parts equally heavy) and plac'd Ho- 
the  rizontally,the Center of Magnitude is alſo 
the tze Center of Gravity. 
1 as „ Thus if the Point C is the Center of Fig. 3 
>» of Magnitude of the Beam AB, which we 
no ſuppoſe of an equal T hickneſs, and equally 
per- heavy "= throughout, and plac'd Horizontal- 
ate ly, fo that the Length AB is parallel to 
ive, the Surface of the Earth, this ſame Point 
eto C i is alſo the Center of Gravity. | 
Ax. 2. The different Gravities of Ho- 
4 mogeneous Bodies are one to another in 
Proportion to their Bulks. 
Den- 6: For Example, If a Cubick Inch of Lead 
hich weigh one Pound, twice that Magnitude 
+ will weigh two Pounds. 
s, is Ax. z. That which ſuſtains any one point 
than of a heavy Body, ſuſtains alſo all the o- 


ther Points which are in the right Line 
Which paſſes thro' that Point and thro the 
Le- Center of the Earth. 
oint | Thus if the Line AB which paſſes thro? 
ied: the Body Q, being continued, were to paſs © 
pen- thro' the Center of the Earth, the Power 
3 w hich ſhall ſuſtain the Point Aor the Point 
B 3 8 


Ng. 4. 


Fig. 5. 


Fig. 6. 
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B, ſhall alſo ſuſtain all the other Points 
which are in the Line AB. 


Cororttany l. 


From hence it plainly follows, that if 


the Center of Gravity of the Body'C were 
in the Line AB, the Body being ſupport- 
ed by the Point A or the Point B, would 
remain immovable and in Equilibrio. 


Cool. II. 
It follows alſo from hence, that if the 


Center of Gravity be not found in the 


Line AB which paſſes thro' the Center of 
the Earth, and the Body be ſuſtain'd by 


one of the Points of that Line, as A or B, 
the Body will move and incline on the 


ſide AEB where the Center of Gravity 


happens to be. For if thro D the Center 
of Gravity, the Line GDH be drawn tend- 
ing to the Center of the Earth, it is evi- 


dent that the Part GEH has as much Force 


to deſcend, as the Part GFH. But the Part 
AEB has more Force than GEH has, there- 
fore it has alſo more than GFH, and a Far 


riori more than AFB. 


Ax. 4. The Weight or the Power which 


puſhes or draws à certain Point, puſhes or 


draws all the other Points which are in its 


Line of Direction. 


For Example, If a Weight or a Power 


puſhes or draws the Point B in ſuch man- 


ner that the Line of Direction is BC, this 
Weight or this Power will puſh. or draw 
in the fame manner all the "other Points 
that are in the . — | / 


Conor 
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ſome other Point of the ſame 
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| _CoROLLARY. 
Therefore the Effect of this Power will 

not be at all chang'd, if without changing 

the Line of Direction we _ it in 


ine. 


Thus for Inſtance, If we ſuppoſe that Fs. 7. 


the Plane ABCD tending to turn about 
the fix'd Point E by reaſon of the Weight 

F which hangs upon the Point G, be hin- 

der'd from turning by the Power applied 
at H with the Line of Direction HI ; this 
Plane will alſo be kept from turning by 


the ſame Power applied in any Point of 


the Line HI whatſoever. 


ScHoLl 


u M. | 


This being ſuppos d true, the Effect of 
a Power applied at oblique Angles may be 
determined with almoſt the ſame eaſe, as 


gles. 


we need only 


the Effect of a Power applied at right An- 
For in order to this 


change the former Place of the Power,and 
apply it to that Point of the Line of Di- 


rection upon which a Perpendicular from 


the fix d Point falls; and then take that 
Perpendicular for the Diſtance of the 


Power. 


Thus inſtead of ſuppoſ 


ing the Power at 


the Point H, and taking the Line EH for 
its Diſtance; we are to conceive it at the 
Point L, where the Line EL. falls perpen- 
dicular to the Line of Direction HI, and 
to take that Perpendicular EL for the 
Diſtance, NOT 


B 4 


Axiom 


F if. To 


ter E. | 
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Ax. 5. If a Power having its Line of Di- 
rection in aPlane, tends to make that Plane 
move about a fix'd Point,all the Parts of the 


Plane will receive the Impreſſion of that 
Power in ſuch manner, that all thoſe Parts 


which lie in the Circumference of a Circle 
whole Center is the fix'd Point, will tend 


to move about that Point with an equal 
Force. 


For Example, Let us ſuppoſe a Power 
applied to the Pojnt A in the Plane 
BCE, and its Line of Direction AD, 


and that the Power trends to move the 
Plane about the fix'd Point F: This being 
fuppos'd, it is manifeſt that all the Points 
of the Circumference AGH, whoſe Center 


is E, are diſpos'd to move round about this 
Point with an equal Force. The ſame is 


true of all the Points which are in the 


Circumference ILM, and ſo of all thoſe | 
which are in all the other Circumferences 


which can be imagin'd about the Cen- 


COROLLARY. 
The Effe& therefore of any Power will 

not be in the leaſt chang'd, if inſtead of 

applying it to a certain Point of the Cir- 


cumferenee of a Circle which is movable 


about irs own Center, it be apply d to any 
other Point of the ſame Circle. 
As for Example, If the Circle ABC, 


which muſt be eonceiv'd perpendicular to 


the Horizon, is movable about its own 
Center E; and if a Power applied in A 


wich its Line of Pirection in the Tangent 


AF, 
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AF, ſuſtains the Weight K which hangs 


from the Point C of the Circumference ; 


this ſame Power will ſuſtain alſo the ſame 
Weight K being apply'd in B, provided 


manner the Line of Direction 
he Tangents BG, CH or DI, 


that the Line of Direction be in the Tan- 


gent BG. 
ScHoL1um I. 


That which is here found to be true of a 


continu'd Circle, will be found true alſo 


of a Circle howſoever interrupted, provi- 
ded enly that the Parts remaining till 


continue to be ſome ways united to each 


other, and are ſo inflexible, that one can- 
not move without moving the reſt, as they 
would do if the Circle were intire. 


Thus, Conceiving the Circle ABCD to g. 10. 
be cut away, ſo that the remaining Parts, 
which form as it were ſo many equal Radii 


fix'd in the ſame Nave, are altogether in- 
flexible : If we ſuppoſe that a Power apy 


plied to the Extremity of one of theſe Ra- 


diEA, is ſufficient to ſuſtain the Weight 
R, which hangs at the End of another Ra- 
dius EC; this ſame Power applied to the 
End of any other Radius, ſhall be ſtill ſuf- 
ficient to ſyſtain ir, provided only that it 
be applied in the ſame manner; that is to 
ſay, if in the firſt Application at the Point 
A, the Line of Direction was the Tangent 


AF; that then in any other Application 


at one of the Points B, C orD, in like 
be one of 


SCHOL: 


10 


Fig. II. 
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By conſidering the foregoing Figure, it 
will be very evident, That beſides thoſe 


| Radii to which the Power and the Weight 
are applied, all the reſt are uſeleſs, and 


may be intirely taken away without mak- 


ing any manner of Alteration in the Effect 


of the Power. Thus, by taking quite a- 


way every thing that is uſeleſs in this Ma- 
chine: When the Power is ſuppos'd in A, 
there will remain only one right Line, like 
that which is here repreſented A E C, 


which is nothing but an ordinary Lever. 
So when the Power is ſuppos'd at B, no- 
thing will remain but BEC, which may be 


1 taken for a crooked Lever ; by the help of 
which the Power will be able to produce 
the ſame Effect as with the foregoing. = 


And when the Power is ſuppos'd at D, 
only DEC will be left, which is a crooked 


Lever of another Faſhion ; by the help of 


which the ſame Power will be able to pro- 


duce the ſame Effect as with the two o- 
ders. 5 hs | 


Ax. 6. If a Power applied to a Machine 


de but juſt able to ſuſtain a Weight, and 


ou add never ſo little Force more to the 
Power, it will be able both co ſuſtain and 
move chat Weight. e 5 


Ax. J. Tf the Gravity which is diffus d 
thro'all the Parts of ® Body, is able to move 
that Body; being all united in the Centre 

of Gravity of that Body, it will be able ro 


move it as before. 


Thus 
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Thus if all the Gravity of the Parts of Fg. 14. 
the Body ABC were united in the Point 
B, which we ſuppoſe to be the Center of 


Gravity, it would have the ſame Force to 


2 Body, as ABC, is able to produce ſome . 15. 
certain Effect, ſuppoſing for inſtance, 
that it has a Gravity of ten Pounds dif- 

fus d thro” all its Parts; this ſame Body 
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move the Body that it had before. 


CoroLLaryYy I. 


From this Axiom we conclude, that if 


will ſtill be capable of the ſame Effect, if 


we ſuppoſe all this Gravity to be removed, 
and in its ſtead a Weight of ten Pounds, 


as D hanging upon the Point B, the Cen- 
ter of Gravity of this Body, and ſo uniting 


the whole Gravity to the Center. 

__ CororLiary II. 
E We conclude alſo, that if a regular Bo- 
dy, as ABC, is able to produce a certain 
Effect when it is without Gravity, and 
has a Weight of ten Pounds hanging upon 
its Center, this ſame Body will ſtill pro- 
duce the fame Effect, if, taking away the 


Weight, the Gravity of ten Pounds be di- 


Tributed equally thro the whole Exten- 
e 


PRO- 


15 


Fg. 16. 
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Of the BALLANCE. 


PROPOSITION TI. 


If two Weights applied to the Ends of P 


| Horizontal Ballance are in reciprocal 
Proportion of their Diſtances, they will 


be in Equilibrio. 


ET the Weights D and E, which are 
applied to the Ends of an Horizontal 


Ballance, AB, be in reciprocal Proportion 


of their Diſtances BC and AC; that is, 
that D 
pos d, I fay that they are in Equilibrio, To 


"prove this, | | 
Cut the Line AB in the Point F, fo. 


that AF be equal to BC, and conſequently 


FB to AC: then, having continu'd AB 
both ways, till AG be equal to AF, and 


BH to BF, imagine the Weights D and E. 


to be taken away, and the Gravity of D 
to be diſtributed equally thro' the Magni- 


tude GF, and the Gravity of E thro' the 


Magnitude FH. This Preparation ſup- 


, 
* 


is to the Weight E as BC to AC ; and by 


Conſtruction BC is to AC as AF to FB; 


and ſince moreover AF is to FB as the 


double of the former GF is to the double 
of the latter FH (by 5: 15) it follows that 
the Weight D is to the Weight E as GF to 


FH: and therefore, alternately, the Gra- 


vity of D is to the Magnitude GF, as the 


Gravity of E is to the Magnitude FH (by 


5:16); fo that the whole Gravity of the 


Weights D and E, which is attributed to 


GF 


be to E, as BC to AC. This ſup- 


pos d, ſince by Suppoſition the Weight D 
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GP and FH, renders the whole Magnitude 


GH equally heavy in all its Parts ; which 


therefore is to be taken for a regular ho- 


mogeneous Body. Moreover, ſince GA. 


F N is equal to AF, or to its Equal BC; and 


Ad is equal to FB, or to ſits Equal BH; 


it follows that if to equal Magnitudes 


GA, CB, be added equal Magnitudes AC, 


_ Equilibrio. 


BH, the Sums GC, CH, will be equal; 


therefore the Point C, which divides GH 
into two equal Parts, is the Center of 


Magnicude : And ſince this Magnitude is 


regular and homogeneous, the ſame Point 


is alſo the Center of Gravity by the firſt 


Axiom. So that it is about this Point C 


that the Magnitude G H continues in 
But by 


the ſeventh Axiom, Weights which hang 


upon Centers of Gravity, a& upon Bodies 


as their own Gravity, or as that which is 


aſcrib'd to em, would do, Wherefore ta- 


king away from the Magnitudes GF, FH, 


that Gravity which we have aflign'd to 


o 8 Pb. PF 1 
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'em, and upon their Centers hanging the 


Weights D, E, as we ſuppoſed 'em at firſt 
to hang, theſe Weights will be in Equili- 


brio. Therefore if two Weighst applied to 

the Ends of an Horizontal Ballance are in 

Reciprocal Proportion of their Diſtances, 
they will be in Equilibrio. QE. 


CorRoLLaRy. 


From hence ir evidently follows, that if : 
the Weights D and E are equal, and the 


Diſtances BC and AC equal alſo, the 
Weights will continue in Equilibrio. 
TY PROP. 


the firſt Corollary of 


3 


14 


Fig. 17. 
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PROP. I. 


If two Weights are a plied ta the Ends of 


4 Horizontal Ballance, and the Ratio 


of the Firſt to the Second is greater 
than the Ratio of the Diſtance of the 


Second to the Diſtance of the Firſt; 
_ thofe Weights will not be in Equilibrio, 
and the Ballance will incline on the fide 
of the Firſt Weight. — 


L T the two Weights D and E be ap- 


plied to the Ends of the eee 
Hallance AB, whoſe fixt Point is C; an 
let the Ratio of the Weight D to the 


eight 


O de greater than the Ratio of the Diſtance 


BC to, the Diſtance AC; I ſay the Bal- 


lance will fall on the fide of the Weight D. 
To prove this, Conceive the Weight F to 
be in proportion to the Weight E as the 


and by Conſequence (from 5: 


the Place of the Weight 


Difſtance BC to the Diſtance AC. Now 
as this Ratio of the Diſtances is leſs than 


that of the Weight D to the Weight E; it 


follows (from 5: 13) that the Ratio of the 
Weight F to the Weight E is leſs than that 


of the Weight D to the ſame Weight E; 
5 10) the 
Weight F is leſs than the Weight D. But 
ſince as the Weight F to the Weight E, ſo 
is BC to AC. It the Weight F be put in 

5. it will ſuſtain 
the Weight E, by the iſt Prop. leaving 


therefore the Weight D, which is heavier 
than F, it follows by the 6th Axiom, 


that 
the 
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the Ballance muſt incline on the fide of 
the Weight D. Therefore, If two Weights, 


COROLLARY. 
From this Propofition it may eaſily be 


gather'd, That if two Weights applied to 
the Extremities of a Ballance are in Eqai- 


librio, they will be to each other in Reci- 


procal Proportion of their Diſtances, For 
\ otherwiſe, according to this Propoſition, 
the Ballance muſt fall or incline on the ſide 
of that Weight which has the greateſt Ra- 


PROP. III. 


Tf two Weights applied to the Ends of a 


Ballance, inclin d to the Horizon, are 


in Reciprocal Proportion of their Di- 
flances, they will remain in Equilibrio. 


Ks 


'ET us ſuppoſe, that the Weights D py. 18 


and E, which are applied to the Ends 


of the Ballance AB inclin'd to the Hori- 
20on, are to each other in Reciprocal Pro- 


portion of their Diſtances ; that is to ſay, 


that as D is to E, ſo is BG to AC: I ſay 


thoſe Weights will temain in Equilibrio. To 
ove this, Conceive a Plane perpendicu- 


lar to the Horizon paſſing thro' the Bal- 
fance AB, and in this Plane the Horizon- 


tal Line FG paſſing thro' the Point C; 


then continue the Lines AD, BE, till they 
meet the Ling FG at the Points F and G. 


This 
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This Conſtruction being ſuppos'd : Since 
the Line FG is Horizontal, it follows, that 
it 15 perpendicular both co DF and BG, 
(which are taken for Parallels by the firſt 
Poſtulate, being the Lines of Direction 
of the Weights D and E towards the Cen- 
ter of the Earth) and by Conſequence thac 


theſe Weights preſs perpendicularly upon 


the Points F and G of the Horizontal Bal- 
lance FG. 


Again, Since the Vertical Angles FCA 
and GCB are equal (by 1: 15.) and the 


Alternate Angles FAC and GBC are equal 


(by 1: 29.) it follows, that the Triangles 


ACF and GBC are ſimilar. And there- 
fore (by 6: 4.) as GC is to FC, ſo is BC 
to AC. But BC is to AC, as D to E. 
Therefore as GC is to FC, ſo is the Weight 


D to the Weight E. By Conſequence, 


from Prop. 1. theſe Weights muſt continue 
in Equilibrio upon the Ballance FG; but by 


the Coroll. of the 4th Axiom the Weights D h 
and E act upon the inctin'd Ballance AB, 
juſt in the ſame manner as they do upon 


the Horizontal Ballance FG; therefore 
they will remain alſo in Equilibrio upon the 


Ballance AB. And therefore, If two Weights, 


&c. QED. 
Door Ar. 
Prom this Propoſition it evidently fol- 
lows, That the Point C, which divides the 
Ballance AB in two ſuch Parts as are in 
Reciprocal Proportion of the Weights 


hanging at the Ends, is the common Cen- 
ter of Gravity of thoſe Weights. | 


Scuo- 
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SCHOLIUM. 
Here you are to obſerve; that the 


Truth of all this depends entirely upon the 


Suppoſition made in the firſt Poſtulate, that 
the Lines of Direction of Weights are Pa- 
rallel: For the Proof of the Similitude of 


the Triangles ACF and GBC is built up- 
on that Suppoſition. But then, as theſe 
Lines of Direction are Parallel only by 
2 Suppoſition and not in Reality; it remains 
to be determin'd where the Center of 


Gravity of the Ballance AB will fall, when 
we conſider the Lines of Direction of the 
Weights D and E as converging to the 
Center of the Earth. = 


Guido Ubald conſiders this Difficulty in a 
Ballance having at the Ends equal Weights 


at equal Diſtances; and pretends that the 
Point which divides the Ballance in two 


equal Parts is the Center of Gravity in any 
Situation of the Ballance whatſoever. Be- 
cauſe, ſays he, a heavy Body can have but 


one Center of Gravity; and if the Point 


which divides the Ballance in two equal 


Parts were not the Center of Gravity, it 


wou'd follow that the ſame Body might 


have ſeveral Centers of Gravity. 


But what this Author ſays proves no- 
thing. For he ſuppoſes the very thing in 


Queſtion, viz. That a heavy Body can 


have only one Center of Gravity. 
Tartaglia accuſes Guido Ubaldus of a Miſ- 
take; and maintains that a Ballance, as 


N 4 


= AB, having equal Weights at the Ends of Eg. 19. 


it, drawing at equal Diſtances, AC, BC, 
HE Whe- 
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whether the Lines of Direction of theſe 
Weights are Parallel, or whether ca 
converge? to the Center of the Earth, mu 

indeed continue in Equilibrio if it be plac'd 
Parallel to the Horizon; bur that if one 
Arm be inclin'd, ſuppoſe AB, the incl ind 
Arm, inſtead of reſting in that Poſition, 


will aſcend again till the Ballance becomes 


parallel to the Horizon. And the Reaſon 
he gives is this; becauſe the Weights be- 
ing ſtill applied to the Ballance, cannot 
move without deſcribing the Circumfe- 
rence of a Circle. Now the ſeveral Parts 
of this Circumference which the Weights 


tend to deſcribe, he conſiders as inclin'd 


Planes. Thus the Arch DG, which the 


Weight D tends to deſcribe by its Deſcent, 
paſſes with this Author for an inclin'd 


Plane; and likewiſe the Arch EB, which 


the Weight E tends to deſcribe, according 
to him, is another inclin'd Plane. And 


ſince a heavy Body has ſo much the more 


Force to deſcend, as the Plane upon which 


it moves is more ſteep or ſhelving ; and 
allo the Declivity of the Arch E B is 
greater than that of the Arch DG, it fol- 
lows, ſays he, that the Weight E muft 
deſcend, and force rhe Weight G up 


again. 


But to ſhew the Fallacy of this Reaſon- 
ing, let us only turn the Tables, and con- 
ſider that from another Argument, exactly 
like to this, we may draw a Concluſion 


directly contrary to Tartaglia's. - For thus 


we may argue ; of the two Weights D and 
E, that muſt aſcend which is — 
| EE 410 


cactly 
luſion 
r thus 
D and 
rmin'd 


ſo 
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ſo to do by a Plane that has leſs Declivity 
than the other Plane. Now the Weight 
E is determin'd to aſcend by 
EF, which has leſs Declivity than the 
Plane DA, by which the Weight D is de- 
termin'd to aſcend, and therefore the 
Weight E muſt aſcend, and the Weight 
D deſcend. . | 
The Defect of both theſe Arguments 
ariſes from hence, that in both of em we 
conſider only the half of what we ought 


to conſider. Thus on the firſt Argument, 
we conſider only that Body which has the 


moſt Force to deſcend, without conſider- 


ing the Force which either of them has to 


reſiſt this Aſcent. And on the other hand, 
we conſider only how great or how little 


Force the Bodies have to feſiſt the Aſcent, 


without conſidering how great or how lit- 
tle Force they have to deſcend. We ought 
not therefore to wonder if both theſe Ar- 
guments are defective, and if Tartaglia 
is miſtaken as well as Guido Ubaldus, As to 


the clearing of this Difficulty, it will be 


feen in the following Propoſition. 


8 2 


the Plane 


PROP; 
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PROP. Iv. 
If equal . eights hang at the Ends of 4 


Horixontal Ballance, and dram at equal 


Diſtances, and tend to the Center of the 
Earth by Lines of Direction inclin'd to- 
wards each other, they will remain in 


Equilibrio : Bat if one fide of the Bat- 
lance be never ſo little inclin'd, the 
Weight that is faſlen'd to it will contt- 


nue to deſcend, till the Ballance becomes 
Perpendicular to the Horizon. - 


Fig. 20. FT ET the equal Weights D, E, hang at 
„ the Extremities of the Ballance ACB, 
and draw from the equal Diſtances AC, 


BC, and let the Lines of Direction AF, 
BF, converge to the Center of the Earth 


mark'd F. I ſay firſt, if this Ballance is paral- 


lel to the Horizon, and byConſequence per- 


pendicular to the Line CF, it will remain 


in Equilibrio. Let fall from the Point C, the 


Lines CG, CH, perpendicular to AF and 


BÞF : This being done, in the two Trian- 
gles ACF and BCF, the two ſides AC, 


CF, are equal to the two ſides BC, CF; 
and the right Angle ACF, equal to the 
right Angle BCF : conſequently (by 1:4) 


the Angle CFA is equal to the Angle 


CFB. Again, In the two Triangles CEG 


and CFH, the two Angles CFG and CG, 
are equal to the two Angles CFH and 
CHF, and the ſide CF is common; con- 

- lequently 


; + c o , - 
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Tequently (by 1 : 26) the ſide CG is equal 
to the ſide CH. Whence it follows, that 


＋ ze che Weights D and E were applied in 
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G and in H, as they would then draw 


from equal Diſtances, and by conſequence 


would be in Reciprocal Proportion of 
their Diſtances, they would be in Equili- 


brio. Now by the Corollary of the 4th 
Axiom, the Weights D and E act upon 
the BallanceACB, in the ſame manner as 
they do upon the Ballance GCH ; they 


will therefore be in Equilibrio alſo upon the 
Balance ACK. SED. 7 in onmumnfn 

In the ſecond place I ſay, if the Bal- 
lance is never ſo little inclin'd on one fide 
of it, the Weight which is there faſten'd 


will continue to deſcend, till rhe Ballance 


becomes perpendicular to the Horizon. 
To prove this, 


T8 - 


_ Produce the Line AF towards G; then Eg. 2r. 


from the Point C let fall the Lines CG, 


_ CH, perpendicular to the Lines of Dire- 
ction, AF, BF; then thro' the Point F 
draw the Line FI, dividing the Angle AFB 
in two equal Parts: This done, BI will 


be to IA as BF ro AF (by 6: 3) but BF is 


greater than AF, therefore BI will alſo be 
greater than IA; and therefore the Point 
I will fall between the Point A and the 


Point C, which divides AB in two equal 
Parts, i 
Point I the Lines IL, IM, perpendicular 


to the Lines AF, BF: This done, in the 


two Triangles FIL and FIM, the two An- 


gles ILE and IEL being equal to the two 
Angles IMF and IEM, and the ſide FI 


C 3 com- 


In like manner let fall from the 
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common, the Lines IM and IL will bg 
equal (by 1;26) Again, In the two Tri- 
angles GAC and LAI, the two Angles 


AGC and ALI are right, and the Angle 
at the Point A is common: Therefore 


theſe two Triangles are Equiangular, and 


(by 6:4) GC is to LI, as CA to IA. But 
CA 1s greater than IA; therefore GG 


will alſo be greater than LI or IM its e- 
qual. Farther, The two Triangles IBM 


"adi CBH, having the Angles BMI and 


BHC richt, and the Angle at the Point B 


common, are Equiangular; and therefore 
(by 6:4) IM is to CH as MB is to HB. 

Now MB is greater than HB, therefore 
IM will alſo be greater than CH. But 
GC is greater than IM, and therefore 4 


fortiori greater alſo than CH. So that the 


Rat io Of D to E is greater than that of CH 
to CG. From whence it follows, chat if 
the Weight D were applied in G, and the 
Weight E in E, the Ballance GCH would 
not remain in Equilibrio, but would fall on 
the ſide of the Weight D. Now by the Co- 


rollary of the 4th Axiom, the Weights N 
and E muſt produce the ſame Effect upoa 


the Ballance ACB, as upon che Ballance 
GCH ; and conſequently they will make 


It incline on the ſide of che Weight D. 
LED. Therefore if equal Weights, &e. 
ED. 


$Scvvritiy J. 


In this Example the Ballance is ſo in- 
elin'd, as to make the Angle CAF . 
inthe ; might have been ſo inclin'd as 0 
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make it acute, or at leaſt rigbt. In the ficft 
of theſe two Caſes, the Perpendiculars 
CG, IL, would fall between A and FE; 
and in the ſecond, they would coincide 
with CA and IA. Bur in both theſe Ca- 
ſes it will always be true, that the perpen- 
dicular Diſtance by which the Weight D 
draws, will be greater than that by which 
the Weight E draws. And therefore the 
Weight D muſt always have more Force 
to deſcend, than the Weight E has to re- 
ſiſt its Deſcent. IS On 
9 enen, 

We are not to look for common Expe- 
rience to confute the Error of Guido Ubal.. 
dus or Tartaglia, For, as we have already 
 obſerv'd, the Lines of Direction of Weights 

are nearly parallel, being only inclin'd to 

each other according to the Quantity of 
the Angle which they make at the Center 
of the Earth; and ſince the Quantity of 
that Angle is ſo ſmall, as to be altogether 
inſenſible, the Diſtance by which the lower 

Weight draws, will not be ſenſibly greater 

than the Diſtance by which the other 

Weight draws. And then, the rubbing of 

the Piyots, or Axel-Pins, even in the moſt 
exact and curious Ballance, being a ſen/ible 
Hindrance to the Motion, it follows, that 
the Cauſe which wou'd incline the Bal- 
lance, is much leſs powerful than that 
which keeps it at reſt and in Equilibrio. 
However, if any one is deſirous to ſęe 

by Experience, What would happen in 
caſe the Angle made by che Lines of Di- 
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rection were of any ſenſible Bigneſs, as it 
would be it the Ballance were very near to 
the Center of the Earth; he need only apply 
the Ballance ACB againſt a Wall perpendi- 

cular to the Horizon, ſo that the Beam of 


the Ballance be plac'd parallel to the Wall, 
and hang the Weights D and E at the Ends 
of rwo Packthreads of a ſufficient Length, 


and bring theſe Packthreads cloſer toge- 


ther by making them pals over the Pullies 


N and O, placed, as in the Figure, not far 


big. 23. 


aſunder. For by the help of theſe Pack- 
threads, the two Extremities of the Bal- 
lance are drawn by the Weights, as tend- 


ing-td the Points P, or as if this Point E, 


not far diſtant from the Ballance, were in 


reality the Center of the Earth. Thus We 
| ſhall (ce the lowermoſt Weight D conti- 
nue to deſcend and ſorce the other Weight 


up. 
PROP. V. 


| If a Balance, whoſe Center of Motion is 4+ 


 bove the Right Lire, the Extremitie: 
of which ſupport equal Weights at equal 
Diſtances, be Parallel to the Horizon, it 
will continue ſo ; but if it be inclin d, 
and fo change its former Situation, it 


will mex e till it becomes Parallel to the 


Horizon again. 


ET AB be a Ballance having at the 
Point F, which divides it in two e- 

gual Parts, the inflexible Line FC perpen- 
4 | . 
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© Aicularly applied. Let the Point C, which 
js above the Line AB, be the Center of 


* 4 
Pp” HE 

1 

* 

> 
* 

* * A 

6 * 

** 

8 


N 


at equal Diſtances, AF, BF. This ſup- 
pos d, I ſay if AB be parallel to the Hori- 
20on, it continues at reſt and keeps it felt 

parallel to the Horizon. 


For ſince AB is divided in two equal 
Parts at the Point F, it follows by the Co- 


the Center of Gravity of the Quantity 
= compos'd of the Weights D and E. More- 
” over, ſince AB is parallel to the Horizon, 
and CF perpendicular to AB, it follows 


> Motion of the Ballance, and the Weights 
D, E hang at the Extremities, and draw 


25 


rollary of the 10 Prop. that this Point F is 


that CF is alſo perpendicular to the Hori- 


on: So that the Quantity compos'd of 


thoſe Weights is ſuſtain'd by the Point C, 
- juſt as it would be ſuſtain'd by the Point E, 
becauſe the Point C is directly over the 


by Coroll. x. of the 3d Axiom, that the Bal- 


lance AB muſt continue immovable, and 
parallel to the Horizon QED. 


Secondly, I ſay, that if this Ballance 


be inclin'd, and change its former Situa- 


Center of Gravity F. Whence it follows, 


tion, and one of its Extremities fink be- 


For the Ballance being inclin'd, the Line 


FC is no longer perpendicular to the Ho- 


rizon, but is ſeparated from the Line CH, 


which tends to the Center of the Earth. 
© | po that whereas the Point C ſtood pre- 
XZ cilely over the Center of Gravity E, when 


ene 


> low the other, it will not reſt there, but 
> will return to the firſt Situation that is pa- 
_= rallel to the Horizon. 


Fig. 24. 


26 


Fig. 25. 
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the Ballance was parallel to the Horizon, 
it now ſtands over the Point G, between 
Fand A ; for which Reaſon the Ballance 


is ſuſtain'd by the Point C, juſt as it would 
be ſuſtained by the Point G. Whence it 
follows, by the 2d Corollary of the 3d Ax- 

iom, that the Quantity compos'd of the 


Weights D and E, that is to ſay the Bal- 
lance, will not ſtand ftill, but muſt fink 
down on the fide GB, where the Center of 
Gravity falls. SED. Wherefore, If a 
Ballance, &c. ED. OT 


 ScnoLIuM. 


Tho' no one perhaps wou'd ever pro- 
poſe to make a Ballance after the manner 


we have here deſcribed, yet frequently 
ſuch are made, either thro Unskilfulneſs 
or Inadvertency, as have the ſame Proper- 


as all thoſe have which are of the 


preſented, in each of which the Center 
of Motion C is above the right Line which 
paſſes thro' the Points A and B, from 
which the Weights hang, and in which 
Line conſequently the Center of Gravity 


muſt fall. Now this Property (viz. of re- 


turning to an Equilibrium, or to be parallel 


to the Horizon) is a very great defect in a 
Ballance, foraſmuch as che Force with 


which the elevated Weight tends to deſ- 
cend is ſo great, that tho the depreſs'd 
Weight ſhou'd be ſomerhing heavier than 


che Other, ic wou'd nevertheleſs be forced 
up again : and fo unleſs there were a con- 


ſidgrable 


ame Nature with any of the four here re- 
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oper- 
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ener | qual Parts,che inflexible Line FC perpen- 
2 dicularly applied: 
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ſiderable difference in the Weights, this 
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kind of Ballance wou d keep it ſelf in Equi- 
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vided in two 
follows by che Corollary of the Thind Prope- 
ſition, that this Point F is the Center of 
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PROP. VI. 
V Balance, whoſe Center of Motion is 
below the right Line ſupporting with its 
| Extremities equal Weights a 
ſtances, be parallel to the Horizon, it 
will ſo remain; but if it be incliwd ne- 


wer fo little, that Arm whith begins 1 


Yall, will continue to move till the Bal. 
luce has acquir d a Situation quite cun- 


of Gravity diredtly under the Center f 


Mot ion. 


F ET AB be a Ballance, having at che 
Point F, which divides it in two e- 


And let the Point C, 
which is below AB, be the Center of Mo- 


| tion of this Ballance, at whoſe Ends the 
equal Weight 


s D and E hang 
equal Piſtances, AF, BF; this ſuppos'd, 


} _ 1 fay diſt, if AB be parallel to the Hori 


20n, it will ſtand itill and keep it ſelf pa- 
rallel to the Horizon. For ſince AB is di- 
equal Parts at che Point F, it 


Gravity of the Quantity compos d of the 
Weights D and E. Again, ſince AB is 
pop of parallel 


ts at equal Di- 


and draw at 


"oF 


Fig. 26. 


Fig. 27. 
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parallel to the Horizon and CF perpen- 
dicularto AB, it follows that CF is alſo 
perpendicular to the Horizon : So that 
the Quantity compos d of the Weights D 
and E is ſuſtain'd by the Point C juſt as it 
wou'd be ſuſtain d by the Point E, becauſe 


of Gravity F; wherefore by the firſt Corol- 


Liry of the third Axiom, the Ballance AB 


muſt remain immovable and parallel to the 
Horizon. ED. 

Secondly, I ſay, that if the Ballance be 
inclin'd never ſo little, fo that one of the 
Extremities ſink below the archer, it will 


not reſt there, but will continue ro move 


and fink lower, till it has acquir'd a Situ- 
ation quite contrary to the former, and has 
irs Center of Gravity direatly under the 


Center of Motion. 


For the Ballance being inclined „ ths 
Line CF is no longer perpendicular to the 
Horizon, but ſeparates from the Line HC, 
which tends to the Center of the Earth; 


for which reaſon the Ballance being cu: 
by the Line HC in the Point G between 


Fand B, is to be conſider'd as if it were 
ſuſtain d by that Point G. Wherefore by 
the ſecond Cærlry of the third Axim, the 
Ballance cannot ſtand flill, but muft im- 


mediately fink down on the fide of the ge- 


sd Weight A; and for the ſame rea- 
on it muſt always continne to move til! 
the Point F falls Giretly under the Pois: 
C. LED. and theretore F s Ble, Kc. 
SED. 
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SCHOLIUM. 


Large Ballances which have their Cen- 
ter of Motion plac'd, as we have juſt now 
deſcrib'd, that is to ſay, under the Center 
of Gravity, are preferable to thole which 
have it plac'd above; becauſe in the former 
the ſmalleſt difference between the 
Weights in each Scale will make 'em fall, 
the very great Eaſe with which this kind 
of Ballance is moved, ſerving to over- 
come the Obſtacle, which the rubbing of 
a large Axis oppoſes to the Inclination of 
the Ballance. However, to uſe this ſort 
of Ballance right, care muſt be taken to 
place the Scales even, and ſupport em 
with your Hands, and hold ſo long till the 
Beam ſtands parallel to the Horizon ; for 
if it were not parallel, the lowermoſt Scale, 
tho' it had leſs Weight in it, wou'd force 
the other up, becauſe the Ballance wou'd 
not then be ſuſtained by the middle Point, 
but by ſome other, i 
One or more Weights being given, and the 
Places to which they are applied in 4 
Ballance of a known Magnitude, to find 


the fi d Point about which they will 
continue in Equilibrio. Des 


= * 7 HIS Propoſition may have ſeveral Eg. 28. 

b - Caſes. As firſt, Let there be a Bal- 
lance like AB of a known Length, ſuppoſe 
12 Inches, having at its Extremities the 


Weights 


A Treatiſe of Mechanitks. 
Weights D and E, the firſt of which is fix, 
and the other three Pounds; the Point C, 
about which this Ballance will remain in 
Equilibrio js ſaught, To find this, 5 

Add the Weights P and E together (the 
Sum is Nine,) then fay, as this Sum to the 


Weight E (which is Three,) ſo the whole 


Length of the Ballance AB to a Part AC, 
(four Inches.) I fay then the Point G will 
be the fix d Point about which the Weights 
ſince the Sum of D and E is to E, as AB 
to AC ; then allo ſeparately (by Ft 17.) 
as D is to E, fo is BC to AC, Where- 
fore by the firſt Propoſition the Weights D 
and E will remain in Equilibrio about the 
Tour To. ME en 

In the ſecond Place, let there be 2 Bal- 
lance like AB of a known Length, ſuppoſe 
12 Inches. But as hitherto we have con- 
ſider d our Ballances as withqut any Gra- 
vity; let us now ſuppoſe this Ballance to 
weigh eight Pounds, and the Weight E at 
the End of it four Pounds. It is requir'd 


D and E will remain in Equilibrio. For 


to find the Point C about which this Bal- 
lance will remain in Equilibrio, To find 5 


RR 


Divide the Ballance in two equal Parts 
at the Point F ; this Point fhall be the 


Center of Magnitude. Then ſay, as the 
Sum of the Gravities of the Ballance an 
Weight, that is 12, is to the ſingle Gravi- 
ty of the Weight E, that is 4, ſo is BF (fix 7 
Ae to FC (two Inches.) I fay then, 
that the Ballance being fuſtain'd by the 
Point C, its Gravity will be in En 1 
Wheels . with 


4 
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with that of the Weight E. For ſince F is 


the Center of Magnitude of the Ballance, 
which we here ſuppoſe to be Homogene- 


ous (that is, equally thick, and in all its 


31 


Parts uniform) it will alſo be the Center 


of Gravity, If therefore we imagine the 
whole Gravity of eight Pounds to be re- 


! mov'd from the Ballance into the Weight 
D hanging upon the Point F, the Ballance 


will ſtill be in the ſame Condition as if it 
had retain'd its whole Gravity, by the ft 
Corollary. of the th Axiom. But accord- 


ing to the foregoing Suppoſition, when 
the Gravity is remov'd from the Ballance 


to the Weight D hanging upon the Center, 


the Weight D will keep the Weight E in 


Equilibrio about the Point C, by the ſeconßd 


Corollary 
therefore the Ballance having its whole 
Gravity reſtor'd, will likewiſe keep the 
Weight E in Eaquilibrio about the Point 
In the third place, let AB be a Ballance 
24 Inches in Length, and 12 Ounces 


in Weight; and let there hang at the Ex- 


tremity A, a Weight of 6 Ounces, and at 


of the ſeventh Axiom. And 


Eg. 30. 


the Point E (10 Inches diftant from B) a 


Weight of two Ounces: It is requir'd to 


find the fix d Point C, about which the 


Ballance, and both the Weights D and F, 


will remain in Equilibrio. e 
Divide the Ballance in two equal Parts 


at the Point G, and imagine its whole 
—  -. - | | 9212 71 2„ 

Gravity to be remov'd into the Weight 12 
hanging at the Center G. Then conſi- 


dering only the two Weights D and F that 


a 


| | 60 


A Treatiſe of Mechanicbs. 


are fartheſt aſunder, and that Part of the 
Ballance which lies between the Points A 
and E, from whence the Weights hang ; 
divide the Part AE (14 Inches) at the 
Point H, in ſuch proportion, that as the 
Weight D (6 Ounces) to the Weight F 


(2 Ounces) ſo may EH be to AH (that 


is, 10.5 Inches to 3.5 Inches.) Then in- 
| Read of the Weights D and F, imagine a- 
nother Weight of 8 Ounces, equal to the 
Sum of both the former, hanging at the 
Point H ; and divide the Part of the Bal- 


lance HG (8.5 Inches) at the Point C, in 


ſuch proportion, that GC (3.4 Inches) may 
be to HC (F. 1 Inches) as the Weight 8 to 
the Weight 12. I ſay, the Point C is the 
fix'd Point or Center of Motion ſought. 
For by the Corollary of the third Pro- 


_ poſition, the Point H is the Center of Gra- 
vity of the whole Quantity compos'd of 


the Weights D and E; and therefore by 
the firſt Corollary of the 7th Axiom, the 
ſingle Weight 8 will act upon the Ballance 
uſt in the ſame manner as the 2 Weights 


D and E. In like manner the Point G, 


being the Center of Gravity of the Bal- 
lance AB, the Weight 12 will produce the 
ſame Effect as the whole Gravity belong- 
ing to it. So that the Ballance and the 
Weights D and F will remain in Equilibrio 


about that Point, about which the two 


Weights 8 and 12 will remain in Equilibrio, 
But ſince as 8 is to 12, ſo is GC (3.4) to 
HC (5. 1) it follows by the firſt Propoſi- 
tion, that the Weights 8 and 12 will re- 
main in Equilibrio about the Point C: Age 
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conſequently the Weights D and F ſup- 


ported by it, will remain in Equilibrio about 


the ſame Point C. 
_ SCHOLIUM. 
Tf there were another Weight hanging 
at ſome other Point of the Ballance, as I, 


you muſt then imagine a Weight hanging 


at the Point C, equal to the Gravity of 
the whole Ballance together with the 
Weights D and F. Then ſay, As this whole 
Gravity to the Gravity of the Weight ap- 
plied at I, fo IL to CL. Whence it is 


evident, that the Point L ſhall be the 
Point, about which the Quantity com- 
pos'd of the Ballance and all the foremen- 
tion'd Weights, ſhall remain in Equilibrio, 


PROP. vm. 


The fix'd Point in a Ballante of unequal 
Arms, whoſe Length and Gravity are 

known, with the Quantity of a Weight 
hanging at the ſhorteſt Arm being given, 
to find the Place of another leſſer Weipht 
given, where it ſhall keep the Ballance in 
Equilibrio. 1 


* 


1. AB be a Ballance 12 Inches in Fig. 31. 


Length and 2 Ounces in Weight, and 
the fix'd Point C 1 Inch diſtant from the 


Extremity A, at which there hangs the 
Weight DE of 1 Pound or 16 Ounces. Let 
there be given alſo the little Weight x. It 

F | =: 5 
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is requir'd to find the Point G, where the 
Weight 1 being applied, ſhall by its own 
Gravity, together with the Gravity of the 
7 keep the Weights DE in Equili- 
rio, | 8 | 

Divide the Ballance AB in two equal 
Parts at the Point F; the Point F ſhall be 
both the Center of Magnitude and the 
Center of Gravity. Conceive then the 
Weight H, equal to the whole Gravity of 


the Ballance, hanging at the Point F: 


Which Gravity being much leſs than that 
of the Weight DE; ſay, as AC (i Inch) 
to FC (5 Inches, ) ſo the Weight H (2 
Ounces) to the Weight E (10 Ounces;) 


and then ſay, as the given little Weight 


(x Ounce) to the Weight D (6 Ounces,) 
fo AC (1 Inch) to GC (6 Inches.) I ſay 
the Point G is the Point ſought, where the 


little Weight 1, together with the help of 


the Gravity of the Ballance, will keep the 
JJ. Goo 
For the Weight H producing the ſame 
Effect as the Gravity of the Ballance, and 
by che firſt Propoſition being in Equilibrio 
with the Part E of the Weight DE, it fol- 
lows, that the Gravity of the Ballance 
by it ſelf will keep the Weight E in Equi- 
librio. Again, Since as the Weight 1 to the 
Weight D, ſo is AC to GC; it follows al- 
fo, that theſe two Weights will be in Equi- 
librio about the Point C. The Point G 
therefore is that Point where the Weight 
1 being ſuſpended will, with the help of 


the Gravity of the Ballance, keep the 


whole Weight DE in Equilibrio. El. 
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CororLary. 


From this Propoſition we ſhall deduce 


the Conſtruction of the Roman Ballance, 
commonly call'd the Steel-Yard, To make 
which, 33 


an equal Thickneſs and Gravity through- 
out, of which you know the Weight; then 
having applied a Hook at the Extremity 


A, upon which to hang any thing that 
you would weigh; and having taken at 


Take a long Rod of Wood or Metal of r 


35 


g. 31. 


pleaſure the Point C for the Center of 


tion the Point G, where applying the 
Weight 1, whoſe Gravity is known, this 
Weight aſſiſted by the Gravity of the Bal- 
lance ſhall keep in Equilibrio the leaſt 


Quantity you intend to weigh, for Exam- 
ple one Pound. Find alſo the Points H, I, 


L, M, N, Cc. where the ſame Weight 1 


> muſt be applied to be in Equilibrio with 2, 


3, 4, 5 and 6 Pounds. And ſo continue 


to do till the whole remaining Part of the 


, Ballance AB is fill'd with Marks; and then 


your Roman Ballance is finiſh'd. 


SCHOLIUM l. 


The ſeveral Irregularities that are com- 
monly found in the Materials, as well as the 
Errors that uſed to be committed for want 
of ſufficient Exactneſs in the work it ſelf, 
when we follow the foregoing Method for 
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cording to that Method to be very imper- 
fect. I would chooſe therefore for the Pra- 
tical Part to ſubmir to the Method made 
uſe of by our common Workmen, howfo- 


ever groſs and inartificial it may be in it 


felf. They hang upon the Hook D the 
leaſt Weight that is to be weigh d by that 
Ballance, ſuppoſe x Pound ; and holding 
che Ballance parallel to the Horizon, they 
move the Weight 1 from C towards B, till 
they find the Point where this Weight x 


holds the Weight of x Pound in Equilibrio, 
at that Point they make the firſt Mark 


which is hererepreſented byG; then apply - 
ing to the Hook other Weights, as 2, 3, 4, 


F and 6 Pounds, and moving alſo the 
Weight 1 as before towards B, they find 
out the places of the Marks H, I, L, M, N, 


Cc. till the whole Length of the Ballance 
„ 335 


SCH 01.1 


After all the Care that can be taken in 


making the Raman Ballance, it will be im- 
perfect notwithſtanding; becauſe it will 
be impoſſible to weigh with it any Weights 
that are very ſmall, as Ounces, and much 


leſs Grains and the Parts of a Grain. How- 


ever, it nas this Advantage above the com- 
mon Ballance, that it does not require ſo 
great a Number of Weights, and that one 


fingle Weight of no great Bigneſs, with 


reſpect to thoſe that are counterpois'd by 


it, will be ſufficient to weigh very heavy 


Bodies, Thus by means of this Ballance 
grear 
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great Pieces of Cannon of many Thouſand 
weight are weigh'd with only one Weight 
of 25 Pounds. So that the Axels of this 
Ballance ſupport only the Gravity of the 


Cannon, of the Ballance, and of the 25 
Pounds. 


Whereas if we make uſe of the 
common Ballance, the Axis muſt ſupport 


twice the Weight; and therefore the Bal- 
lance would almoſt always break when it 


was loaden with very heavy Bodies. And 


if it did not break, yet the Axel, which 


would rub very hard againſt the Head of 
the Ballance that ſupports it, would not 
turn without great difficulty; and it would 
therefore require a very conſiderable Ine- 


quality between the Weights to make it 


incline on one ſide or other. 


PROP. X. 
To make 4 falſe Ballance, which ſhall hang 


in Equilibrio when the Scales are empty, 
and remain ſo when they are loaden with 


anequal Weights, 


O do this, make one Arm of the Bal. 
lance a little longer than the other ; 


I then provide two Scales, which together 


with the Strings by which they are faſten- 


ed to the Beam, ſhall be to each other in 


Weight in the ſame Proportion as the 


Arms of the Ballance ; and apply the hea- 


vieſt Scale to the End of the ſhorteſt Arm, 


and the lighteſt Scale to the End of the 
longeſt Arm This done, I ſay, you will 
| „ have 
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have a Ballance which ſhall hang in Equi- 


librio when the Scales are empty, and alſo 


when loaden wich unequal Weights. 
The firſt of theſe two Propoſitions is 
evident, from the firſt Propoſition of this 


Treatiſe : Becauſe the empty Scales are 


to be conſider'd here, as Weights applied 


at the Extremities of the Ballance. 
The ſecond is alſo certain : For this 


Ballance cannot be in Equilibrio, unleſs the 


Weights with which the Ballance is load- 
ed, together with the Scales that ſupport 


them, are in Proportion as the Arms of 
the Ballance. Bur in order to this, it 15 


neceſſary that the Weights ſhould be to 


each other in the ſame Proportion of In- 
equality, @ 5,5 
SCHOLIUM l. 


It may ſometimes happen, that Ballan- 
ces may have this Defect contrary to the 


Intention of the Workman : Bur to find 
this out, you need only change the Weights 
from each Scale to the other; for if they 


were in Equilibrio in the firſt Caſe, they 
will not be ſo in the ſecond, 


ens tk © 
As it has been long ago obſerv'd, that 


to make uſe of ſuch a Ballance as this 


would be the Seller's Profit, if he 


Were to put his Goods in the Scale which 


hangs at the longeſt Arm; and on the 
contrary, that ic would be the Buyer's Pro- 


fit, if the Goods were put into the Scale 


that hangs at the ſhorteſt Arm: So it has 
85 5 32 
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been a long while attempted to find out a 
Method, whereby the Loſs both of Buy- 
er and Seller mighr be prevented. Some 
People have thought this might be done, 


by dividing that which might be weighd 


at once into ſeveral Draughts, and ſo or- 
dering theſe ſeveral Draughts, as to put 
the Weights in each Scale of the Ballance 
alternately. Thus for Example, being to 


weigh 60 Pound of Goods with this Bal- 


lance, they divide the whole Quantity in- 
to ſix Draughts of 10 Pound each. The 
firſt, the third, and the fifth of theſe 
Draughts they make, by putting the 
Weight in one and the ſame Scale, and 
the Goods in the other: The ſecond, the 
fourth, and the ſixth, by putting the Weight 


where the Goods were, and the Goods 


where the Weight was in the former three 
Draughts. But yet even by this means 
they can never come exactly to the true 


Weight, by ſome ſmall matter of difference; 
as you will eaſily perceive by Calculation. 
Let us ſuppoſe, for Inſtance, that 60 Pound 
of Goods are to be deliver'd, which we 


are oblig'd to weigh in a Ballance whoſe 
Arms are unequal in the Proporcion of 15 
to 16; and that in the three firſt Draughts 
we put the Weight (that is, the 10 Pounds) 
in the Scale that hangs at the ſhorteſt 
Arm, and in the three other $60 we 
t is 
certain, that in each of the three firſt 
Draughts the Seller delivers 9 Pound and 
of Goods, that is, 28 Pound and in 


all three; and that in each of the three 
other 


D 4 
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other Draughts he delivers 10 Pound and 
75, that is, in all the three 32 Pound. So 


that in the whole he delivers 60 Pound 


and 2a, or two Ounces, inſtead of 60 Pound 


only which was to be deliver'd ; whereby 
there is a Loſs of 2 Ounces to the Seller. 
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Of the LEVER. 


If a Power, whoſe Line of Direction 16 


Perpendicular to the Horton, ſuſtains a 


Weight by means of a Lever parallel to 


the Horizon, the Power will be in Pro- 


portion to the Weight, as the Diſtance of 


the Weight to the Diſtance of the 


Power, 


IRST let us ſuppoſe a Lever, as AB, 
parallel to the Horizon, whoſe Prep 
or fix'd Point is C. Imagine then that a 


Power applicd in B, and having its Line 


of Direction perpendicular to the Hori— 
20n, ſuſtains the Weight D applied to the 


Lever in ſuch manner, that its Center of 


Gravity D, anſwers exactly to the Extre- 


mity A. I ſay, there ſhall be the ſame Pro- 
portion of the Power to the Weight, as of 
the Diſtance of the Weight to the Diſtance 


of the Power; that is, of AC to AB, 
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For if we imagine the Power at B to be 
taken away, and the Weight E, ſuſtaining 
the Weight D, plac'd in its ſtead ; in that 
Caſe the Lever AB will be the ſame, as a 
Ballance ſuſpended at the Point C. By 
the firſt Propoſition therefore, there ſhall 
be the ſame Proportion of the Weight E 
to the Weight D, as of the Diſtance AC 
to the Diſtance BC But the Weight E 
which ſuſtains the Weight D, muſt of ne- 
ceflity be equal to the Power at B, be- 
cauſe it produces juſt the ſame Effect as 


that Power does. From whence it follows, 
that there muſt alſo be the ſame Propor- 
tion of the Power at B to the Weight D, 
as of the Diſtance of the Weight to the 
Diſtance of the Power; that is, of AC to 


AB. "SED. - 


Let us ſuppoſe now a ſecond*Yort of Fig. 


Lever, as AB, whoſe Prop or fix'd Point is 
at the Extremity A, and the Power at the 


other Extremity B, where by drawing up- 


wards it ſupports the Weight D upon the 


Point C, between the Prop and the Power. 
I ſay, there ſhall be the ſame Proportion 


of the Power to the Weight, as of the 
Diſtance of the Weight to the Diſtance of 


the Power; that is, the ſame as of AC to 


AB. For if we continue the Lever AB 
towards E, till AE is equal to AB, and 
imagine the Power to be remov'd from B 


and transferr'd to E, where it acts by draw- 


ing downwards; it will follow, by the Scho- 
lia of the Corollary of the ſixth Axiom, 
that the Power ſhall produce the ſame 


ſuſtain 
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| ſuſtain the Weight D. Bitt we have juſt 
now demonſtrated, that in this Caſe the 


Power at E will be to the Weight D, as 


Conſequently the ſame Power applied at 
B, is to the Weight D, as the Diſtance of 
the Weight to the Diſtance of the Power ; 


that is, a8 AC to AB, ED. 


Fig. 35. 


Let us ſuppoſe again a third ſort of 


Lever, as AB, whoſe Prop or fix d Point is 


at thè Extremity A; and the Weight D at 


the other Extremity B, and the Power at 


C, between the Weight and the fix d 
Point, where it acts by drawing upwards. 
I ſay, the Power ſhall be to the Weight, 
as the Diſtance of the Weight to the Di- 
ſtance of the Power; that is, as AB to 


AC. 


imagine the Power at C to be removed to 
E, and to act there by drawing down- 


wards ; it will follow, by the Scholia of the 
_ Corollary of the fifth Axiom, that the Power 
will produce the ſame Effect at E as it did 


at C; that is, it will ſuſtain the Weight 


_ demonſtrated in the firſt Part of this Pro- 


poſition, that the Power at E is ro the 
Weight D, as AB to AE or AC, which 


Fig.36,37- 


is equal to it. Conſequently the ſame 


ſtance of the Power AC. ED. 


Let us ſuppoſe laſtly a fourth ſort of Le- 1 
ver, crooked as ACB, having the Part AC 
| parallel 
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and the 
and the 
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parallel to the Horizon, and Cthe fix d Point, 


and the Weight D hanging at the Point A, 


f and the Power applied at B acting with 


the Line of Direction BE perpendicular to 
the Part of the Lever CB. I ſay, there 


1 will {till be the ſame Proportion of the 
Power to the Weight, as of the diſtance of 


the Weight to the diſtance of the Power ; 


that is, the ſame as the Proportion of AC 


to BC. For if we continue the Part of 
the Lever AC towards F, till CF is equal 
to BC, and then imagine the Power to be 
transferr'd from B to F, and to ad there 


perpendicularly downwards ; it will follow 


by the Scholia of the Corollary of the 5th 
Axiom, that the Power ſhall produce the 


27 ſame Effect at F as it did at B; that it 


ſhall there likewiſe ſuſtain the Weight D. 


But in this Caſe it has been already de- 


monſtrated in the firſt part of this Propo- 


ſttion, that the Power at F is to the Weight 


D, as AC to CF or to BC, which is equal 


to it. Conſequently this ſame Power at 


B is to the Weight at A, as the Diſtance 


of the Weight to the Diſtance of the Po. 
erz; that is, as AC to AB. EP. 


| In uſing the firſt and fourth ſort of Le- 


ver, as the Diſtance of the Weight AC 


a | may be greater or leſs than the Di ance of 


the Power BC; ſo the Power which ſu- 
ſtains the Weight may be either greater or 


leſs than the Weight. 
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Sc ol. II. 


But in uſing the ſecond ſort of Lever, 2; | 
the Diſtance of the Weight muſt of Neceſ. 1 
ſity be leſs than the Diſtance of the Pow. Þ_ 


er; ſo the Power which ſuſtains the 


SCH OL. III. 


On the contrary, in uſing the third ſort J 
of Lever, as the Diſtance of the Weight 
muſt of Neceſſity be greater than the Di- 
ſtance of the Power; 


alſo which ſuſtains the Weight, of Neceſſi- 


ty be greater than the Weight. 


Scnor. IV. 


a Power were applied inſtead of the Prop, 


this latter Power and the former would be 
to each other in Reciprocal Proportion of 
their Diſtance from the Point which ſup- 


ports the Weight. 


"Thus ſuppoſing two Powers applied at 1 
the Points A and B of the Lever AB, fup- | 4 
port the Lever with the Weight D Fug 


ing at the Point C; I ſay that the Power 


at "k 4 is to the Power at B, as BC to AC. 


For if we confider the Prop of the Lever 
as at B, it follows by the foregoing De- 


monſtration, that the Power at A is to the 


Weight, as BC to AB. And if we conſi- 
der the Prop as at A, the Weight is to the 
Power at B, as AB to AC. do that there 
are on the one hand three Quantities : Abe 


5 which 
Weight, muſt alſo of Neceflity be leſs than] 


and twe 
the Weight. 5 
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The Power at A, 
The Weight D, 
And the Power at B; 


And on the other hand three Lines; 


BC, AB and AC; 
which ſix Quantities taken orderly by two 
and two are proportional. Therefore (by 
5: 22.) they will alſo be proportional 


| when taken equally ; that is, as the Pow- 


er at A to the Power at B, ſo is BC to 


Ac. AED. 


„ 
What has been demonſtrated of the firſt 
ſort of Lever, which was ſuppos'd parallel 


to the Horizon, will alſo be true of the 


ſame Lever when inclin'd ; provided the 


Weight hangs freely at the Extremity to 


which it is faſten'd, and the Line of Dire- 
Horizon. | „ Tt 

Thus ſuppoſing aLever of the firſt ſort to 
be inclin'd, as is here repreſented by the 


g ction of the Power is perpendicular to the 


Fig. 39. 


Lever AB, as alſo the Weight D to hang 


? freely at the Extremity A, and the Power 
which ſuſtains it to be ſo applied at the 


Extremity B, that the Line of its Directi- 
on GB is perpendicular to the Horizon. 


I fay, the Power is to the Weight, as the 


Diſtance of the Weight to the Diſtance of 


the Power; that is, as AC to BC. For if 
thro' the fix'd Point C be drawn the right 


| Line FCG parallel to the Horizon, and 
| conlequently perpendicular borh to the 
| Line of Direction of the Weight AF, and 
to the Line of Direction of the Power GB; 


ſo 
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ſo that CF be the perpendicular Diſtance 


of the Weight, and CG the perpendicular [ 


Diſtance of the Power : It is evident by 


the Scholium of the Corollary of the 4th | ' 
Axiom, that the Weight hanging at A will f 
have juſt the ſame Force to move the in- 
clin'd AB Lever, as it has to move the Ho- 
rizontal Lever FG; and likewiſe that the | ? 
Power in B has juſt the ſame Force to | 
move the inclin'd Lever AB, as it has to 
move the Horizontal Lever FG. Whence | : 
it follows, that the Power to be applied“ 


in B for ſuſtaining the Weight D, which 


hangs at the Extremity A, is equal to that 

Power which is to be applied at G, for ſu. | * 
_ Raining the ſame Weight gravitating up- 
on F. But if there were a Power inG | * 
ſuſtaining the Weight D which gravitates | 


upon F, there would be the ſame Propor- 


tion of the Power to the Weight, as of the | ? 
Diſtance of the Weight FC to the Di- 
ſtance of the Power CG. Conſequently | ? 
the ſame Power being B and the Weight 
D gravitating upon A, there will be the 
ſame Proportion of the Power to the 


Weight, as of FC to CG. But FC is to 


CG, as AC to BC, becauſe the Triangles | 
ACF and BCG are ſimilar ; and therefore 
the Power at B is to the Weight at A, as b 


AC to BC. SED. 
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PROP. XI. 


I ſeveral Powers have their Lines of Di- 


rection perpendicular to the Horizon, 


that Power which ſuſtains a W eight tied 


faſt upon a Lever parallel to the Hori- 


ron, is leſs than that which (all other 


| Circumſtances being alike) * the 

ſame N eight depreſs'd below, but greater 

than another Power which ſuſtains the ſame 
Weight elevated above the Horizon. 


ET there be a Lever, as AB, parallel 
to the Horizon, whole fix'd Point is 


C; and a Weight whole Center of Gravi- 
ty is D, tied faſt upon the Extremity A; 


| and a Power applied to the other Extre- 


vity D, draw a right Line DE perpendi- 


mity B, with its Line of Direction per- 


pendicular to the Horizon, ſuſtaining the 


Weight D. I ſay, that this Power is leſs 
than another, which being applied in the 


[i {ame manner, ſhall ſuſtain the ſame Weight 


by means of a Lever depreſs'd below the 
Horizon, as IL; but greater than another 
Power, which ſhall ſuſtain the ſame 


Weight by means of a Lever elevated a. 


bove the Horizon, as HG. 
To prove this, from the Center of Gra- 


| cular to the Lever, and another right Line 


z to the Horizon, will be coincident 


perpendicular to the Horizon. This latter 
right Line, when the Lever is parallel 


with 
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with DE; but when the Lever is depreſ. 12 705 
ſed, as IL, it will fall upon the Point M, cf 
farther diſtant from the fix d Point C than 85 to 
the Point E is: And when on the contra- þ | 755 
ry the Lever is elevated, as HG, it will! * Þ 
fall upon P, between E and C. The Points! Foy 0 
therefore EM and F, upon which the! on 
| Weight gravitates, according to the dif. Þ reer 
ferent Poſitions of the Lever being deter-. + oo 
min'd, you will plainly perceive that EC, I ee an 


the Diſtance of the Weight gravitating Þ_ the Po 


Power in L, which ſuſtains the ſame 


upon the Lever AB parallel to the Hori- Þ by 1 5 
20n, is leſs than the Diſtance MC when Fas ag 
the Weight is depreſs'd, and greater than! ans 
the Diſtance FC when the Weight is ele- 
JFG ( ; = 
From hence, together with what has Þ .. 
been demonſtrated in the foregoing Pro- 8 5 
poſition, it is eaſy to perceive, that the Ma : 


Power in B is to the Weight that it ſuſ- 
tains, as EC to CB. Now the Reaſon of 0 the « 
EC to CB, is leſs than that of MC ro CL, 0 : 7 
or CB, equal to CL. But the Reaſon of falle * 
MC to CL, is the very ſame with that of es, 


the Power at L to the Weight which it 8 lo RY 
ſuſtains. Therefore the Reaſon of the 1 * Sd 
Power at B to the Weight which ir ſul- We 1 8 
rains, is leſs than the Reaſon of the Pow- e "* 3 
er in Leto the ſame Weight. And conſe- = 9 6 r 
quently (by 5: 10) the Power at B, which ve; IC | 
ſuſtains a Weight by means of a Lever pa- G Kd 
rallel to the Horizon, is leſs than the I}, 79, 


why the \ 
dide rathe 
likewiſe b 
lain it, 01 


Weight when it is depreſs'd. ED. 
For Proof of the ſecond Part of this 
Propoſition, conſider as before, that the 
Power 


— — — — 
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, |? PowerinB is to the Weight which it ſu- 

ſtains as EC to CB. Now the Reaſon of 

EC to CBis greater than that of FC to 

1}: CG, or CB equal to CG. But the Reaſon 
bo FEC toCG is the very ſame with that of 


l the Power at G to the Weight which it ſu- 
5 ſtains. Conſequently the Reaſon of the 
bY Power at B to the Weight which it ſuſtains, 


7 { the ſame Weight. And therefore (by 5: 10) 


>» | the Power at B, which ſuſtains a Weight 


> | by means of a Lever parallel to the Hori- 


. ſuſtains the ſame Weight elevated . EP. 


SCHOLIUM |. 


Weight is depreſs'd, the farther the Point 
M muft fall from the fix'd Point C, and 
on the contrary, the more it is elevated 
the nearer the Point F muſt fall to the 
| ſame fix'd Point; therefore of Neceſſity it 
follows, that the ſuſtaining Power muſt 


| depreſs'd lower, and ſo much the leſs as 
the Weight is elevated higher. But as the 
| Weight may be ſo elevated, that the Cen- 
ter of Gravity ſhall hang perpendicularl 
over the fix d Point C, and as in that Caſe 
the fix'd Point would ſupport the whole 
Gravity, and there would be no reaſon 
why the Weight ſhould incline on the one 
5 dide rather than the other; ſo there would 
hn likewiſe be no need of any Power to ſu- 
| lain it, or hinder its Deſcent. : 

E S CHO. 


is greater than that of the Power at G to 


20on, is greater than the Power at G, which 


© Since it happens that the more the 


| be ſo much the greater as the Weight is 
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Scnor. Il. 
But now if we ſuppoſe the Weight to 


be tied faſt under the Lever and not «por it 
as before, by a Reaſoning like to that in | 
the preceding Propoſition, we ſhall find | 
quite the contrary to what was there | 
proved. Burt this is ſo very eaſy that it 
would be ſuperfluous to give a particular 


Demonſtration of it. 
Senor. III. 


If the Power were to change its Line of 
Direction ſo as to keep it always perpen- 


dicular to the Lever; in this Caſe, in or- 
der to compare it with the Weight it ſu- 


ſtains, we muſt let {all from the Center of 


Gravity, whether the Weight be elevated | 
or depreſs'd, a Line perpendicular to the 
Horizontal Lever, and take that part of 


the Horizontal Lever between the per- 
pendicular and the fix'd Point for the Di- 
ſtance of the Weight. 5 

Thus let AB be a Horizontal Lever 
leaning upon the fix d Point C; and let 3 
heavy Body, whoſe Center of Gravity 1s 


D, be tied faſt upon the Extremity A; let 


IL repreſent the ſame Lever depreſs'd at 
the End where the Weight is; and let HG 
repreſent the ſame Lever elevated at the 
End where the Weight is; and laſtly, 


let the Line of Direction of the Power, | 


both at L and at G, be perpendicular to 
the Lever. In order to compare the Pow- 


er with the Weight, we muſt draw frog 
1 . the 
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the Center of Gravity D in the depreſod | 


Weight the Line DM perpendicular to the 


Horizontal Lever AB, and take CM for 


the Diſtance of the Weight: And if the 
Weight was elevated we muſt let fall the 
Lever; and take NC for the Diſtance of 
the Weight. So then the Power ſuſtain- 


ing the depreſs'd Weight, is to the Weight 


as MC to LC; and the Power ſuſtaining 
the elevated Weight, is to the Weight as 


NC to CG. 


For the Lines DM and DN, drawn from 
the Center of Gravity perpendicular to the 
Horizontal Lever AB, are the Lines of Di- 
rection of the Weights which gravitate 
equally in all the Points of thoſe Lines, by 
the 4th Axiom. So that the Weight being 


depreſs'd, it is juſt the ſame as if it were 


applied at the Point M of the crooked Le- 


ver MCL. And the ſame Weight being 


elevated, it is juſt the fame as if it were 
applied at the Point N of the Lever NCG. 


Whence it follows, from what we have 
before demonſtrated in the 10th Propoſi- 
tion, that the Power at L is to the de- 


preſsd Weight as MC to LC, and the 
Power at G is to the elevated Weight as 
NC to GC. 
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PROP. XII. 


To move 4 given Weight with 4 given | 


Power, by the help of a given Lever. 


ET there be given a Power of fix 


Pounds, a Weight of a thouſand | 


Pounds, and a Lever of a Fathom in length: 


It is requir'd to find a fix d Point upon 


which the Lever being ſuſtain d, the given 
Power ſhall move the given Weight. 


To find which, Divide firſt of all the {2 


Lever AB at the Point C, ſo that AC may 
be ro CB as the given Power (10 Pounds) 
to the given Weight (1000 Pounds ;) then 


taking at pleaſure any Point between A F 


and C, ſuppoſe E, ler that be the fixd 
Point, and apply the Weight to the Lever, 
ſo that the Center of Gravity of the 


Weight ſhall lie perpendicularly over the Þ 
Extremity of the Lever A, and let the Line 
of Direction of the Power at B, make 
a right Angle with the Lever. This done,, 
I ſay, the given Power ſhall move the gi-“ 


ven Weight. 


For by Conſtruction the given Power is 
to the given Weight as AC to CB: But! 
the Proportion of AC to CB is greater? 
than the Proportion of AE to EB. There- ] E 


fore the Proportion of the Power to the 
Weight is greater than the Proportion of 


of AE to EB. Conſequently (by 5: 10) 


the given Power is greater than another 

Power that ſhall have the ſame Proportion 

to the Weight, as AE to EB, But by 7 
= T 


firſt! 
Bat! 
gravi 
th . 
great 


A Treatiſe of Mechanicks. | + 1 | 
firſt Propoſition this laſt Power, applied to 19 
B at right Angles, will ſuſtain the Weight 


gravitating upon A. Therefore, by the | 
6th Axiom, the given Power, which is ff 
greater, will move the Weight. We have 1 


found therefore a fix'd Point, upon which 
the given Lever being ſuſtain'd, the given [1 
Power ſhall move the given Weight. El. 1 


SCHOLIUM. 


When the Weight is very large in Com- 
he pariſon of the Power, unleſs the Lever be 
ay alſo very long, the fix d Point, determin'd 
buy the preceding Propoſition, muſt of Ne- 
wn Þ cebſſity fall ſo very near to the End of the 
As Lever, that it will not ſenſibly differ from 
the End itſelf, whence it is evident, that 
| tho' the foregoing Propoſition be indeed 
moſt ſtrictly true, it cannot however al- 
ways be reduc'd to Practice. As Archimi- 
dies therefore could not but know, that it 
Was proportionably much more difficult to 
move the whole Body of the Earth, than 
any part of it how large ſoever with re- 
ſpect to our ſelves; ſo it is not probable 
er chat he ever thought of performing that 
But] Propoſition by the help of the Lever, 
2Ater ] Wherein he propos'd to move the whole 
gere- Farth, provided there were but one ſingle 
fx d Point given; but it is much more 
probable that he intended to make uſe 
of ſome other Machine which we are ig- 
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PRO 1. XIII. 


F 4 Power moves 4 Melghi by means of 4 
Lever, the Ratio of the Spas which 
the N eight runs over to the Space whit) 
the Power runs over will be beſs than 
the Ratio of the Power to the Weight. 


00 Point, A the Extremity where 
che Weight is, and B the Extremity where 
the Power is. Let the Power move the 


Weight, and bring the Lever to the Situa- 


tion ED; whereby the Weight runs over 


che Space AE, and the Power runs over 3 10 Por 
which 
Space AE to the Space BD is leſs than the 


the Space $0. 1 ſay, the Ratio of the 


Ratio of the Power to the Weight. 


Po:ver; which being applied at the Extre- 


mity B, only ſuſtains the Weight. Conſe- 
quently (by 5 : 8) the Reaſon of the firſt 


Power to the Weight is greater than the 


} 


Weigl 


Reaſon of the other Power to che ſane 


Weight: but this other Power is to the 
Weight as AC to CB, by the roth Propo- 
ſition. Therefore che Reaſon of the P. 


er that moves the Weight to che Weight it | 


felf, is greater than the Reaſon of AC to i 
CB. Now ſince the vertical Angles ACE | 

and BCD are equal (by 1: 15.) the Sectors | 7 
ACE and BCD will 4 ſimilar. There- 
fore, as AC is to CB, ſo is the Arch A? 


7 


to the A 
of the Þ 
the Wei 
2 ſon of A 
thing, t 
the We 
which t 
4 the Re: 
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Uppoſe che Lever AB, let C be the j 
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| mult of Neceſſity be greater than another will b 
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to the Arch BD. Therefore the Reaſon 

of the Power that moves the Weight, to 

the Weight it ſelf is greater than the Rea- 

ſon of AE to BD: Or which is the ſame 

thing, the Reaſon of the Space AE which 

the Weight runs over, to the Space BD 
which the Power runs over, is leſs than 

7 the Reaſon of the Power to the Weight. 

I ED. 155 5 | 


SCHOLIUM. 
You'ſee therefore, that if a Power by 


means of a Lever moves a certain Weight 
which it could not move without the Le- 
ver, it does alſo in Proportion make ſo 

much the more Way. As if a Power of 
10 Pounds moves a Weight of 100 Pounds, 
2 which is ten times the former, it will alſo 
7 make ten times as much Way. Whence it 


follows, that if we ſuppoſe the Power to 


move always with the ſame Velocity, it 


will be ten times longer in moving the 


2 Weight by the Aſſiſtance of the Lever, 
than ir would be if it could move that 
Weight without the Aſſiſtance of the Le- 
ver. This perhaps may make it ſeem that 


the Lever were uſeleſs, and that it might 
do as well to divide the Weight into ſeve- 
ral Parts equal to the Power, and ſo lift 
them one after another; or elſe to lift the 
whole Weight at once by ſeveral Powers, 
which when added together may be equal 
to it. But beſides that there are ſome 


Weights which cannot be divided, and 


lome to which ſeveral Powers cannot be 
applied at the ſame time, and even fre- 
| E 4 quently 
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quently we have no more than One Power 
to uſe ; we have this Advantage however 
in making uſe of the Lever to remove a 
Weight all at once, That we are not obli- 


ge to loſe Time by going back again 


everal times, as we are obligd to do when 
the Weight is divided into ſeveral Parts, 
which we are to carry one after another, 


PROP. XIV. 
The Magnitude and Poſition of a Piece of 


Timber, and the Forces of the Powers 
that ſuſtain it, together with the ſeveral 
Places and Applications of thoſe Powers 
being given; the Weight which each 
Power ſuſtains is alſo given, and conſe- 
quently the whole abſolute Gravity of the 
Piece of Timber. ? | 4 | 


ET ABCD reprefent a Piece of Tim- 
ber, being a ſolid Rectangle, homo- 
geneous and ot equal Thickneſs. Ler the 
Length AB or DC, and the Thickneſs 
AD or BC be given, together with the 
Situation, that is, the Angle which the 

Length AB makes with the Horizontal 

Line FB, upon which Line the Point B 

reſts. At the Point D let there be applied 
two given Powers, whoſe Lines of Dire- 
ction DF, DG, make given Angles with 
the Length DC. At H, the Center both 
of Magnitude and of Gravity, let there 
be applied another given Power, whoſe 
Line of Direction HI is perpendicular to 
| DSL 
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the Horizon. And laſtly, at the Point L, 
in the middle of the Length DC, ler there 


be alſo applied a given Power, whoſe 
Line of Direction LM makes with the 


Length the given Angle MLC. I fay 
then, that the Gravity of that Part of the 


Piece of Timber which each Power ſuſ- 


tains, and conſequently the Gravity of the 
whole Piece of Timber are given, 

From the Point B to the Points D and 
L, draw the Lines BD and BL, whereof 


the firſt ſhall paſs thro' the Center of Gra- 


vity H, and ſhall be cut by it in two equal 


Parts. Prolong IH till it meets with the 


Horizontal Line at the Point P. And 
from the Point B draw the Lines BN, BO, 


perpendicular to DG and LM. Laſtly, 
imagine the whole Gravity of the Piece of 


Timber to be taken away, and transferr'd 


to the Center H. All this being done and 


ſuppos'd, I ſay, the Piece of Timber will 
be the ſame with a Lever of the ſecond 


ſort, whoſe fix'd Point is B. The Line 


BP ſhall be the Perpendicular Diſtance 
both of the Weight of the whole Piece of 
Timber, and alſo of the Power whoſe 


Line of Direction is HI. The Line BA 


ſhall be the perpendicular Diſtance of the 
Power whoſe Line of Direction is DF. 
The Line BN ſhall be the perpendicular 


Diſtance of the Power whoſe Line of Di- 


rection is DG. Laſtly, the Line. BO ſhall 


be the perpendicular Diſtance of the Pow- 
er whoſe Line of Direction is LM. 


This Preparation being alſo ſuppos'd, 


ſince in the Triangle ABD the two Lines 
5 BA 
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BA and AD are given, together with the 


right Angle BAD, it follows, that the An- 
gle ABD and the Line BD are alſo given, 
and conſequently BH, the half of BD. 
And ſince the Angle HBP is compos'd of 
two given Angles, it will alſo it ſelf be 
given. So allo, ſince in the Triangle BCI, 
the two ſides BC and CL, with the right 
Angle BCL are given, the Line BL and 
the Angle BL.C are alſo given. Moreover, 
ſince in the Triangle HBP, the Line HB 


and the Angle HBP, together with the 


right Angle HPB are given, the Line PB 
is alſo given. So allo, ſince in the Tri- 


angle BDN there are given the Line BD, 
the right Angle BND, with the Angle 
BDN, compos'd of the two given Angles 


NDC and CDB (by 1: 29) equal to DBA; 
it follows, that the Line BN is alſo given. 
Laſtly, ſmce in the Triangle BLO there 


are given the Line BI., the right Angle 
BOL. and the Angle OL B, compos'd of the 
two given Angles OLC and CLB; it fol-. 


lows, that the Line BO is alſo given. 


All this therefore being ſuppos d, ſince 


by the tenth Propoſition the Power whoſe 
L1ine of Direction is ADF, is to the Part 
of the Weight which it ſuſtains, as the 
Diſtance of the Weight to the Diſtance of 
the Power; that is, as BP to BA: And 
ſince of theſe four proportional Quanrities 
three are already known, viz. the Force 
of the Power, the Diſtance BP, and the 
Diſtance BA; it follows, that the fourth, 
that is to ſay, the Part of the Gravity of 
the Piece of Timber which this Power 


ſuſtains, 
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e ſiuſtains, is alſo given; which is one of 
\_ | * the things that were to be demonſtrated. | 1 

So allo, ſince the Power whoſe Line of 1 
) Direction is DG, is to the Part of the 
f | * Weight which it ſuſtains, as BP to PN; 


a | | and ſince three of theſe four proportional 

| * Quantities are given; the fourth, that is 10 
co fay, the Part of the Gravity of the Piece 1 
4 | of Timber which this Power ſuſtains, is | 
r, || alſo given; which is another of thoſe 
B | things that were to be demonſtrated. 
ce | Moreover, ſince the Power whole Line — 
B | of Direction is LM, is to that Part of the —_— 
ji | Gravity of the Piece of Timber which it | _— 
„ ſuſtains, as BP to BO; and ſince three of 1 
co | thoſe four proportional Quantities are gi- (il 
es | ven; the fourth, that is to ſay,thePart of the —_ 
„Gravity of the Piece of Timber which this _ 
\ þ Power ſuſtains, is allo given; which is 1 


e | alſo another of thoſe things that were 
le to be demonſtrated. : OS be 
e | As to that Part of the Gravity of the 
1. | Piece of Timber, which the Power whoſe 
i Line of Direction is HI ſuſtains ; it is 
| evident, by the ſeventh Definition, that it 
ſe | muſt be equal to the Power it ſelf, and 
+ | therefore that this Part is alſo given; 
e which is alſo another of thoſe things that 
of | were to be demonſtrated. 5 
d Laſtly, the whole Gravity of the Piece 
es | of Timber being equal to the Sum of the 
e ſeveral Gravities of all its Parts which are 
je © given, it is evident that the whole Gravi- 
h. 1 ty is alſo given; which is the laſt thing 
of | that was to be demonſtrated. Ss 
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Fig. 45. 
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Of the PULLY. 
_— 


In the ordinary Uſe of Tackles, every upper 


Pally is equivalent to a Lever of the firſt 


kind, and every lower Pully is equivalent 


to 4 Lever of the ſecond kind, 


T ET ABC, EFG, and HII. be three 


Pullies, faſten'd in their Blocks by 


the help of Axels paſſing thro' their Cen- 
ters DM and N. The Blocks of the two 
upper Pullies being hung upon ſomething 
that is fix d, by means of a Hook at B, 


thoſe two Pullies will only be moveable 


about their Centers: But as to the lower 


Pully HIL, beſides its being moveable a- 


bout its Center, it may alſo, having a 
Communication with the upper Pullies by 


means of the Line or String IGFEHLC 
BAP, either aſcend or deſcend, according 


as the End of the Line P is either drawn 
or fſlacken'd. This Machine therefore 


may be applied to move the Weight Q, 


faſten'd to the Hook O. 


But in uſing this Machine, I ſay, that 


every one of the upper Pullies ABC and 


EFG, are equivalent to a Lever of the 


firſt kind, and that the lower Pully HIL is 


equivalent to a Lever of the ſecond kind. 
To prove this, Y 8 
Thro' the Centers D, M and N, draw 


the Lines ADC, EMG, HNL, terminated 


_ Fs on 


1 Pullie 
at th 


were 
ADC 
twee 
is ap 
wher 
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alſo, 
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on both Sides by the Points of the Cir- 
cumferences of the Pullies where the 


Strings begin to touch; which Lines (by 
3: 18.) will therefore be perpendicular in 


thoſe Points to the Strings. It is farther 


to be obſerv'd, that all theſe Strings would 
ſtill produce the very ſame Effect, tho' 
there were nothing remaining of all the 
Pullies but the Lever ADC, EMG, HNL, 
at the Extremities of which the Strings 


were faſten d. Now ſince in the Line 
ADC there is a fix'd Point, viz. D. be- 


tween the Extremity A, where the Power 


is applied, and the other Extremity C 
where the Part of the String CL is applied, 
which being drawn downwards by the 


Weight Q, 1s equivalent to a Weight : So 


alſo, ſince in the Line EMG there is a fix'd 
Point, viz. M, between the Extremity E, 


- where the part of the String EH is applied, 


tending downwards by Virtue of the Pow- 
er atP; and being therefore in the Nature 
of a Power, and the other Extremity G 
where the part of the String Gl is apply'd 


drawn downwards by the Weight Q, and 
being therefore in the Nature of a Weight: 


It is evident, that theſe upper Pullies are 


equivalent to the Levers of the firſt ſort. 


Ok. 


Again, it is to be obſerv'd, that if there 


were nothing remaining of the lower Pul- 


ly but the Line HNL, the Effect of the 


Machine would however be juſt the ſame 


as it was before, provided the Strings and 
the Weight were ſtill applied, as they now 
are, at the Points HN and L. Now in this 


Caſe 
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Cafe the Extremity L, which by Virtue of 


the Power at P tends upwards, 1 is it ſelf in 
the Nature of a Power; and the P6int H, 


upon which the Line LHi is ſupported, is 
in the Nature of a fix d Point; and the 
Weight Q does really gravitate upon the 


Point N, which is between the two Extre- 
mities: And therefore the Line HNL, is a 


Lever of the ſecond ſort. Whence it fol- 


lows, that the lower Pully is equivalent to 
a Lever of the ſecond fort. QED. 


SCHOLIUM IT. 

As in the upper Pullies the fix'd Points 
divide the Levers in two equal Parts, and 
ſo the Diſtance of the Power is equal to 
the Diſtance of the Weight, ſo it follows, 


by the roth Propoſition, that if a Power 
ſuſtains a Weight by the help of a Pully of 


the ſame Nature with the upper Pullies, 


the Power muſt be equal to the Weight 


which it ſuſtains. 
Thus if ABC be a a Pully whoſe Block is 
 faſten'd by the Hook at B upon any thing 


that is fix'd, and if a Power applied at the 


EndE of the String EABCF ſuſtains the 


Weight G, hanging at the other End of 
the String P: As in that Caſe the Diſtance 


of the Weight, CD, is equal to the Di- 


ſtance of the Power, AD; ſo it follows, 
that the Power is equal to che Weight, 
Scot I. 
Again, let ABCD repreſent A laier 
Pully, fix'd into its Block in which it is 


movable about i its Center E, from whence 


the 
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the Weight F hangs, and upon which it 


gravitates. Let us ſuppoſe this Weight 
to be ſuſtain'd by a Power applied at G, 


one End of the String GDCBH, the other 


End H being made faſt to ſomething that 
is fix d: This ſuppos'd, as the Diſtance of 
the Weight EB is but half the Diſtance of 
the Power DB; ſo it follows, that the 
Power is but half the Weight. 


PROP. XVI. 


help of ſeveral Pallies all the Strings 
are equally ſtrain'd. DO: as 


I ET us reſume the Figure of the fore- 3 
L going Propoſition, and ſuppoſe, as 4** 


we did before, the Weight Q ſuſtain'd by 
the Power at P. I fay, the Strings AP, 
EH, GI and CL are equally ſtrain d. To 


prove this, If we conſider firſt of all the 


Strings AP and CL, applied to the Extre- 


mities of the Lever AC, whoſe fix d Point 


is D, equally diſtant from the Extremities 
A and C, it is eaſy to perceive that if one 
of thefe Strings were ſtrain'd more than 
the other, it would have more Force to 
draw the End of the Lever on that ſide © 
to which it is apply'd, than the other 
String would have to draw the other End 
of the Lever; whereby it would cauſe the 


Fully ABC, and by Conſequence all the o-— 


ther Pullies, to turn round : Whence it 
would follow, that the Weight Q muft 
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equally ſtrain'd. 
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move, contrary to the Suppoſition. We 


conclude therefore, that the Strings AP 
and CL are equally ſtrain'd. 

If we conſider, ſecondly, the Strings 
CL and EH, apply'd to the Extremities 
of the Lever HL, by means of which it 
bears a Weight hanging at the Point, e- 


qually diſtant from the Extremities H and 


Lz it is here alſo eaſy to perceive, that if 


one of the Strings were more ſtrain'd than 


the other, it would have more Force to 
draw the End of the Lever to which it is 


apply'd, than the other String would have 
todraw the other End of the Lever ; where- 
by it would incline the Lever, and by con- 


{equence turn round the Pully HIL, and 


at the ſame time move the Weight Q, 


contrary to the Suppoſition. We conclude 
therefore, that the Strings CL and EH are 


If we conſider laſtly the Strings EH and 


_ GI applied to the Extremities of the Le- 


ver EG, whoſe fix d Point M is equally 
diſtant from the Extremities E and G: 
We ſhall here alſo eaſily perceive, that if 
one of the Strings were more ſtrain'd than 
the other, it would have more Force to 
draw that End of the Lever to which it is 
apply'd, than the other String would have 
to draw the other End, whereby it would 


cauſe the Lever to move, together with 


the Pully and the Weight Q at the ſame 


time, contrary to the Suppoſition. We 
conclude therefore, that the Strings EH 
and El are equally ſtrain'd, 


When 


third! 


en 
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When a Power. therefore ſuſtains a 
Weight by the help of ſeveral Pullies all 
the Strings are equally ſtrain d. QED. 

> GOROLULARY: 


From this Propoſition it evidently fol- 
lows, that all the Strings which are ap- 


ply'd to the lower Pullies bear an equal 


Part of the whole Weight. 
PROP. XVII 


If a Power ſuſtains a Weight by the help of 
ſeveral Pullies, the Power will be to the 
| Weight, as Unity to the Number of 
Strings applied to the lower Pullies. 


ET us here again reſume the Figure of 
the 15th Propoſition ; and ſuppoſe, 
that a Power at P ſuſtains the Weight Q 


by means of the Pullies ABC, EFG, and 


HIL. I fay, that the Power at P is to the 


Weight at Q, as Unity to the Number of 


Strings applied to the lower Pully: That 
is, in the Machine of the Figure, as there 
are three Strings applied to the lower Pul- 
ly, and as Unity is the third Part of 
Three, ſo the Power at is the third Part 


of the Weight . | 
For by the Corollary. of the preceding 


Propoſition, the Strings applied to the 
lower Pullies ſuſtain equal Parts of the 
Weight Q. Hence it follows, that the 
String CL bears the Burden of juſt the 
third Part of that Weight, and draws the 


Extremity 


n — 
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C of the ſame Lever. 


muſt be obſerv'd, that ſomething farther 
is 
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Extremity C to the Lever AC, with a 
Force equal to the third Part of the Weight 
Q. But by the Scholium of the 15th Propoſi. 
tion, the Power at P applicd to the Extre- 
mity A of the Lever AC, is equal to the 
Weight which draws the other Extremity 
The Power at P is 
juſt the third Part of the Weight which it 
fuſtains. QED. 


From this Propoſition it evidently fol- 
tows, that if there is given the Number of 
the Strings applied to the lower Pullies of 


a Machine, by the help of which a Power 


ſuſtains a given Weight, the Power it ſelf 
is caſily found; for it ſhall be the ſame 


Part of the Weight, as Unity is of the gi. 
ven Number of the Strings. 3 


Sossen . 
[t plainly follows likewife from hence, 
that the Burden born by the fix'd Point to 
which the Hook B is made faſt, is equal to 


the Gravity of the Weight Q, together 


with the Quantity of the Power that ſu- 
ſtains it. For the Power gravitates juſt ſo 
much upon the String, as a Weight which 


was equal to it would do; the Gravity ot 

which added to the Gravity of the Weight, 
would, as is evident, compoſe the whole 
Burden of the fix'd Point. 


ODCHOLIUM. 
Wich regard to common Uſe however it 
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5 to be conſider'd. For as the Pullies and 


Strings that we make uſe of are themſelves 


alſo heavy, and a part of the Power muſt 
therefore be employ'd in bearing 'em ; ſo 


67 


we cannot determine the exact Quanti- 
ty of the Power without ſuppoſing the 


Weight to be greater than really it is, 
by the Quantity of the Gravity of the 
lower Pullies and their Blocks, together 


with the Gravity of the whole String, ex- 


cepting only ſo much of it as lies upon the 


upper Pullies, and twice ſo much as hangs 


down from that upper Pully to which the 
Power is applied. 5 

Thus if we imagine the Figure to repre- 
ſent ſuch Pullies, Blocks and Strings as are 


material and heavy, we muſt then make 
our Computation, as if the Weight Q were 


heavier than it really is, by the Quantity 
of the Gravity of the lower Pully and its 
Block, together with the Gravity of the 


whole String, excepting however the Parts 


ABC, EFG, which lie upon the upper 
Pullies, and which the Pullies themſelves 
ſuſtain ; as alſo the part AP, and that 
which 1s equal to it, CR, which are to be 
look'd on as void of all Gravity, becauſe 
they are in Equilibrio and mutually ſupport 
and hinder each other from deſcending. 


Farther, as the Strings or Ropes are never 
perfectly ſupple, but are always in ſome de- 


gree {tiff and unapt to bend; ſo thisStiffnels, 
which is a Hindrance to the Motion of the 
Machine, muſt alſo be accounted for : As 


Fig. 46% 


alſo the rubbing of the Axels or Pins of the 


Pullies. The Power therefore muſt be 


| _ augmented 
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augmented by the Quantity of ſuch a 
Force as is neceſſary to cvercome theſe 
Obſtacles ; without which a leſſer Power 
would be ſufficient to ſuſtain the Weight. 

But then, to determine the Burden ſup- 
ported by the fix'd Point, we are not to re- 
gard either the Stiffneſs of the Ropes, or 
the Rubbing of the Axels and Pins, be- 
cauſe theſe things do not gravitate at all. 
But we muſt add together the Weight or 
Force of the Power at P, the Gravity of 
the Weight Q, and of the whole String, and 
of all the Pullies, both upper and lower ; all 
which are moſt certainly ſupported by the 
fix'd Point. e e 


PROP. XVII. 


If a Power moves a Weight by the help of 
feveral Pullies, the Ratio of the Power 
to the Weight will be greater than that 
of the Space which the Weight runs over, 
to the Space which the Power runs over; 
or greater than the Ratio of Unity to 
the Number of Strings applied to the 


lower Pullies, 


ET us reſume again the foregoing Fi- 

; gure, and tet us ſuppoſe that a Pow- 

er applied at P, and drawing the String to- 
wards S, moves the Weight Q from O to- 
wards G; that is to ſay, upwards. I ſay, 
the Ratio of the Power to the Weight ſhall 
be greater than that of the Space which 
the Weight runs over, to the Space — 
— the 
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the Power runs over. For in order to 
move the Weight thro' any certain Quan- 
tity of Space, it is neceſſary that every one 
of the Strings applied to the lower Pullies 


be ſhorten'd by an equal Quantity; and 


conſequently that all the Strings together 


be ſhortened by a certain other Quantity, 


to which the former Quantity has the ſame 
Proportion as Unity to the number of 
Strings applied to the lower Pullies. But 
this cannot be done, unleſs the Power at 
P draws alſo to that ſide ſo much of the 


String as is equal to the ſecond Quantity 


above mentioned, and runs over conſe- 
quently a Space equal to the length of the 


String which it draws. Tis evident there- 


tore, that the ſpace which the Weight 


runs over is to the Space which the Power 
runs over, as Unity to the number of 


Strings applied to the lower Pullies. But 
by the foregoing Propoſition, a Power at 
P which only ſuſtains the Weight Q, ſhall 
be to the Weight in that Proportion: and 
therefore, ſince the Power that moves the 


Weight muſt be a little bigger than that 


which barely ſuſtains it; ſo it muſt alſo (by 
5: 10) have a greater Proportion to the 
Weight than that Power which only ſuſ- 


tains the Weight. Whence it follows, that 


the Power applied at P, and moving the 


Weight Q, has a greater Proportion to the 
Weight, than the Space which the Weight 
runs over, has to the Space which the 


Power that moves it runs over. AED. 
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To make an exact Calculation of the 
neceſſary Quantity of the Power in the or- 
dinary Uſe of Pullies, let it be obſerv d 
that the Power muſt have Force enough to 
ſuſtain or lift the Gravity of the Weight, 
and of the lower Pullies, and of their 
Blocks, rogether with that part of the 
String which we have above deſcribd ; as 
alſo to overcome the Reſiſtance which the 
Unpliablenels of the String, and the Rub- 
bing of the Axels and Pins make to the 
Movement, 


Part of the Power is ſpent and employ d 
upon each of them. 


) 1 7 a 

As the Reſiſtance which the Stiffneſs of 
the Rope or String, and the Rubbing ot 
the Axels and Pivots make to the Motion, 
is partly occaſion'd by the Bigneſs of thoſe 


things ; ſo it is alſo evident, that that Re- 


ſiſtance will be partly avoided by making 
the String, the Axels and the Pivots as 
{ſmall and as fine as may be, and hang em 


in Blocks as thin and as light as poſſible. 


And as a String is more eaſily bent to a 


large Circumterence than to a ſmall one, 


it is beſt not to make the Pullies very 
{mall. 
But that which is more material to be 


conlider'd in che making of Pull ies is this, 
. * = | 7 
That it is much better to make them fix d 


With 


For it is certain, that all 
theſe things ſhare out the whole Force of 
the Power between 'em, and that ſome 
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Z with regard to their Axels, and to turn 
along with their Axels in the Blocks, than 
to make them movable about their Axels, 
„e and the Axels themſelves fix'd. For beſides 


A 
* 
of, 
= 


3 that by this means a great deal of the Rub- 
4 bing is avoided, anotherInconvenience will 
os alſo be avoided, which happens in length 
it, of Time to Pullies that turn about their 
Axels; which is, That the Holes of the 
he F Pullies wearing, bigger, the Pullies cannot 
a any longer turn about their Centers to 
he move the Weight, without bringing the 
b- * fix d Point nearer to the Place where the 
he Power is applied, than to the oppolite 
1 Place where the Weight is applied, Which 


> diminiſhes the Force of the Power and en- 
creaſes that of the Weight. 


Scuor. III. 
By conſidering the foregoing Figure it 

| will plainly appear, that if the Power be 

of taken away from the Place P where it 

of draws downwards, and applied at R where 

n, it may draw upwards, it would ſtill be 


ole able to ſuſtain the ſame Weight. Whence 


it follows, that the Part of the String 
n> |: FABCR, and the Pulley ABC, would be 


2 intirely ſuperfluous; only thereby we ſhall 
em avoid the Trouble and Inconveniencies of 
le, diſpoſing of the Rope as we draw it to us 
23 © when the Power is plac'd at R. 
nc, } Further, It is to be obſerv'd, that if the 
oy Power was at R, the Burden ſuſtain'd by 
the fix'd Point of the Machine would be 
b. leſs than what is above ſpecified by the 
his Quantity of the Power. For it is very 
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evident, that the fix'd Point is diſcharg'd 
of juſt as much Weight when the Power is 
atR, as it is ſurcharg'd with when the 


Power is at P, 


Scnor. IV. 
Obſerve farther, that if the Power ap- 
ply'd at P were a Man, faſten'd to the 


Earth only by his own Gravity, his Effort, 


at the greateſt, could be but equal to his 
Gravity ; whereas if he apply'd himſelf 
ar R, and drew upwards, his Effort might 
be greater than his Gravity, and therefore 
he might be able to move a greater 


Weight than before. 


SCHOOL: . 

Tho' indeed Pullies are moſt commonly 
us'd in lifring of Weights, they may how- 
ever be alſo Employ'd to move Horizon- 
tally or any other way great Bodies which 
it would be impoſſible to move without 
fome ſuch Machine. In which Caſe the 
Ratio of the Power to the Weight is ſtill 
the ſame as we have above determin'd. 
Bur here it is to be obſerv'd, that if the 


Power has free Room to advance that 
Way, towards which the Weight is to be 


mov'd, it is much better that the ſaid 
Power be apply'd at R than at P, for then 


the Pully ABC is not only of no manner 
of Uſe, but is alſo an Inconvenience and 


a Hindrance, as firſt, becauſe it doubles 
the Cord once more than is neceſſary, and 


ſecondly becauſe the Rubbing of its Axel 
or Pins will ſpend ſome part of the Power. 


ICHOL 
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Scuol. VI. 


Howſoever Pullies are us d, whether 
in lifting Bodies, or Movin em in an 
other manner, it is to be obſerv'd that the 


Diſpoſition of the Pullies themſelves and 


of the Power may be diverſify'd ſeveral 


Ways. For Example, the Pullies may be 


ſo plac'd that the firſt ABCD ſhall carry 
the Weight E hanging upon its Block, 
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Fig. 48. | 


and ſhall it ſelf be carry'd by a Cord, one 


End of which F is Faſten'd to ſomething 
fix d, and the other End G to the Hook of 
the Block of a ſecond Pully GHIL. A- 


gain, this ſecond Pully may move upon 
a Cord, one End of which M is faſten'd 


to ſomething fix'd, and the other End N 


to the Hook of the Block of a third Pully 


NOPQ, which third Pully may alſo run 


upon a Cord, one End of which R is 


faſten'd to ſomething fix'd, and the other 
End S held by a Power which pulls up- 
wards. Now in all this there is no man- 


ner of Difficulty, for it is clear from what 
has been Demonſtrated, that if the Gravity 
of the Weight E, and of the Block of 


the firſt Pully ABCD, and of the Cord 


FBCDG be added together, the Half of 


the 


that Sum is ſuſtain'd by the Hook G of the 
|: ſecond Pully GHIL. So alſo if the Gra- 
vity with which the Hook G is charg'd, 
and the Gravity of the Pully GHIL, and 
of the Cord MLGHN be added together, 
the Half of that Sum is ſuſtain'd by the 
Hook N of the Pully NOPQ. Laſtly, if 
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the Burden of the Hook N, the Gravity 
of the Pully NOPQ, and of the Cord 


RQNOS be added together, the Half of 
that Sum will be ſuftain'd by the Power at | 
8, and Conſequently the Power at S ſhall | make 
A the W. 
to the 
would 
is of t 


be equal to half that Sum, 
You ſee alſo from what has. been De. 
monſtrated, that in order to make the 


Power at 8 lift the Weight E to any“ 
Height, the Hook G to which the Cord! 
of the firſt Pully 
quently che Pully GHIL muſt move double | 


| 7 certair 
being 
the W 
as muc 
the wi 
withou 


is faſten'd, and Conſe- 
that Space; which however cannot be 
done unleſs the Hook N and the Pully 
NOPQ move twice the double, that is the 
Quadruple of that Space ; which allo is 
impoſſible, unleſs the Power at S move: 
twice the Quadruple of that Space, that i; 
e Times as much, 


Scuol. VII. 


"by the ordinary Diſpoſition of Pullic: 
as is here repreſented, let us Suppoſe the 


Weight as before hanging upon the Hook 


O, but the End of the Cord P faſten'd to 
ſomething fixd, and the Power which 


- ſuſtains the Weight to be applied at B. In 


this Caſe the fix d Point P is Equivalent 


to the former Power. Whence it plainly 


follows, that the Power at B is charged 


with the ſame Burden that the Hook B was 


 charg'd with before. The Power at B 


: therefore is equal to the Sum of the 


Weight, and another Quantity which 15 
in Proportion to the Weight as Unity to 


the 


the N 
_ Flower 
in tha 


the lo 
Strings 


rais'd F 


mut b 
tity, 
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the Number of Strings applied to the 
„ lcwer Pullies. But if now a Power apply'd 
iin that Manner ſhould pull upwards and 
make the Weight aſcend, the Space which 
the Weight would go thro would be equal 
De. | to the Sum of that Space which the Power 
the | would go thro', and another Space which 


— 
— 


on is of the Number of Strings applied to 
fs. the lower Pullies. For tho' none of the 


able | Strings were at all contracted, tis moſt 
| be eertain however, that the whole Machine 
ally being mov'd entire, the Hook O to which 

che Weight is faſten'd would aſcend juſt 
as much as the Power at B did: But as 


without lengchening the Part of the String 


apply'd to the lower Pully taken together 
muſt be made ſhorter by the ſame Quan- 
tity, and that therefore each of them 


lies, 
> the 
Hook 
nd to 
hich 
An 
alent Þ 
lainly 
nargd 
B was 

at 2 at the End of the Cord P, and the Power 
| the to be at O where it draws downwards. In 
"i this Caſe all that is to be conſidered is, 
that what was before ſpoken of the Power, 


Part of that Quantity as Unity is of the 
Number of Strings; which conſequently 


© muſt alſo move the Weight juft ſo much. 
SCH O L. VIII. 


Pullies, and the fix d Point remaining at 


mall be ſuch a Part of the former as Unity 


the whole Machine cannot be lifted up 


Af by as much as the upper Pullies are 
rais'd Higher, it follows that all the Strings 


ſingly muſt be made ſhorter by ſuch a 


Keeping the ſame Diſpoſition of the 
3B. We may imagine the Weight to hang 


76 ” 8 Treatiſe of Mechanicks. . 
muſt now be applied to the Weight, and A of t 
what was fpoken of the Weight, to the | apply 
rome”: 5 dS 

pot SCH O Lo IX. ES ſüſtair 
There will be no more Difficulty, if we | ofa C 
place the fix'd Point at O, the Weight a: | ften'd 
P, and the Power at B. For we need only | Ifay, t 


attribute to the Weight what was before 1 
attributed to the Power, and argue con- the R 


LS. 8 
"4 — 


cerning the fix d Point juſt as we before | For 
argued concerning the Weight, and con- the M 
ſider the Power at B as we before conſider- be no 
ed the fix'd Point. which 
3 5555 Bp = the fi 
e i Powe 

| Lo © hs a . " I EA. 
1 PT 1 Vr che 
W HE E L and AX E L | as EF 

JJC 

If a Power apply d to the Circumference of | It 


a Wheel movable, together with its I, o. 

Axel about the Center, and having for | rence 

its Line of Direction a Tangent to | Eftec 

that Circumference, ſuſtains a Weight | dhe . 

hanging by a String which turns about the Circi 

Circumference of the Axel; the Power 

| (hall have the ſame Proportion to the 

_ Weight, as the Radius of the Axel has the | 

to the Radius of the Wheel, MH Pow 

Fx.49 IN the Figure ABCD is a Wheel well || Ft 
| I faſten'd about its Axel, the Profile of Þ? 

which Axel is FGH, together with which 

| _ > it 


— 
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it turns about the Center E. At the Point 
A of the Circumference of the Wheel is 


apply'd a Power, having for its Line of Di- 
rection a Tangent to the Circumference ; 
which by puſhing or drawing downwards 


ſuſtains the Weight I, hanging at one End 


of a Cord; the other End of which is fa- 


ſten'd to the Circumference of the Axel. 


Iſay, the Power at A ſhall be to the Weight 


I, as EH, the Radius of the Axel, to EA, 
the Radius of the Wheel. 1 


For if we imagine all the uſeleſs Parts o 


the Machine to be taken away, there will 
be nothing remaining but the Line AEH, 


which is a Lever of the firſt Kind; where 
the fix'd Point is E, the Diſtance of the 
Power AE, and the Diſtance of the Weight 


EA. Therefore, by the 1oth Propoſition, 


the Power at A ſhall be to the Weight I, 
as EH to EA, ED. | 22 


Scuorn u M I. 


It is eaſy to perceive, that a Power at 
L, or at any other part of the Circumfe- 
rence of the Wheel, ſhall produce the ſame 
Effect as if it were applied at A, provided 
the Line of Direction be a Tangent to the 


Circumference. For at what Part ſoever 


it be plac'd, imagining the uſeleſs Parts of 


the Machine to be taken away, there will 


always remain a Lever, as LEH ; where 
the fix'd Point is E, the Diſtance of the 


Power is a Radius of the Wheel equal to 
AE, ang the Diſtance of the Weight is 


SCHOL. 
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'SCnort I. 
But the Caſe would be different, if tt: 


Line of Direction was not a Tangent: 60 Rl 
Pins 
the Circumference of the Wheel. Fc; 6 
then, imagining the uſeleſs Parts of b ng 
Machine to be taken away, the perpen::. | ray 
cular Diſtance of the Weight is indeed 2. Fort 
ways the Radia of the Axel; but the pr Kain 
pendicular Diſtance of the Power is by ok ch. 
means the Rds of the Wheel ; inſtez d. T9. 
which, we muſt take tor this Diſtance: 1 de 8 
right Line drawn from the Center of . Thet 
Wheel perpendicular ro the Line of Dire. char! 
con of the Power. Whence it follo: “ ans 
that the Power is to the Weight, 25 ::: 4 5 * 
Red of the Axel to that Perpencicu!:: 1575 * 
Thus, If a Power applied at the Poin: II 
of the ſoregoing Figure has for its Line 1 4 
Direction LM. the n 3 
wouls de EM, which comes from E. 0 
Center ot the Wheel. and ts perpeni: ic eri 
larly vpen the Line of Direction LM were 
conlequently the Power would be te := | bout t 
Weicht, 25 EH to EX. | || perper 
would 
Scuol. III. the V 
Cord. 
In de Uſe . de Anti AA 77 mn, ran : the Dj 
Dot to Conte the Gravity of the Pa: BY much 
'he Mace, 2 n H u de mage ol Cora, 
S050 nt: For ur D exigent. wha 8 þ che Ce 
the Parts on e, 272 in Zam wa df T cinuing 
_ Thate emthe orher ndr. =_— 
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It is certain, that the Rubbing of the 


Z Pins is an Obſtacle to the Motion, and 


therefore may be taken into Conſideration. 


we I But that which deſerves more particularly 


to be conſider'd is the Bigneſs of the Cord. 


ot 1 For the Weight muſt be conceived as ſu- 


ſtain'd by a Line paſling thro' the Middle 
of the Cord: So that to find the true Di- 
Z ſtance, the Semidiameter of the Cord muſt 
7 be added to the Semidiameter of the Axel. 
27 Thethicker therefore the Cord is, he more 


that Diſtance is augmented ; conſequent- 
ly with the more Force will the Weight 
draw, and the greater Power (cæteris pari- 
bus) will be requir'd to ſuſtain it. 


Seng. V. 


From what we have juſt now remark'd 


it evidently follows, that if the Power 
were applied to a Cord which turned a- 
bout the Circumference of the Wheel, the 
perpendicular Diſtance of the Power 
would be compos'd of the Semidiameter of 
the Wheel and the Semidiameter of the 


Cord. Whence we may conclude, that 


- | F the Diſtance of the Power would be fo 


much the more ſenſibly augmented by the 


„Cord, as (the Wheel continuing the ſame) 
che Cord was thicker, or as (the Cord con- 


[F finuing the ſame) the Wheel was leſſer. 


PROP. 
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PROP. XX. 


If a Power applied to the Circumference of © 


Fig. $0, 


a Wheel movable together with its Axel 
about the Center, and having for its Line 
of Direction a Tangent to that Circum. 


ference, ſuſtains a Weight hanging at the 


End of a Rope that winds about the Cir. 
cumference of the Axel of another Wheel, 
which is likewiſe no otherwiſe movable 
than together. with its Axel about the 
Center, and which runs in the Leaves 6 
4 Pinion carried about by the Axel of the 
firſt Wheel : In this Caſe, the en 
of the Power to the Weight ſhall be com. 
pounded of the Ratio of the Radius of 
the Axel to the Radius of the ſecond 
Wheel, and the Ratio of the Radius of 
the Pinion to the Radius of the fir 
JE. 715 


A BC repreſents the firſt Wheel fix d 
A to its Axel, which alſo carries the 
Pinion DEF, and movable about the Cen- 
ter G. D repreſents one of the Leaves of 


the Pinion falling between the Teeth of 

the other Wheel HIK, movable about its 
Center O. One End of the Rope NMLQ 
is faſten'd to the Axel, the other End ſuſ- 


tains the Weight Q; which diſpoſes the 


Wheel HIK to turn round according to 
the Order of the Letters IHK, and con- 


ſequently the other Wheel ABC to turn 
N round 


* " 
. ; SLY p 2 8 r e 
£ f * . . . oh 3 8 8 > * IE» Yo KI 4G e 8 1 
Is Edo a ed api He Ea e r Et LE e . 4 . 5 
5 = * 26 "Pg 1 3 * 7 2, 3 | - ak ö * £ 4 
EE ; ee | * * F b 


H in 


Foun 
ters! 
the C 
there 
Dire« 
the V 
In th 
Powe 
the R 
the R 
of the 
dius © 
Exan 
the fc 
and t 
Part « 
woulc 
that 
Weig 

Fai 


HIK, 
puſhi1 
poſiti. 
as O! 


ERadiu 
that t 
3 rence 
; time 
| DEF, 
with 
if it 
| F Q as ( 
dingt 
ſtain'c 
4th pe 


A Treatiſe of Mechanicks. 
round according to the Order of the Let- 
ters ACB. And laftly, at the Point A, in 


the Circumference of the Wheel ABC, ler 
there be applied a Power according to che 


Direction of the Tangent AP, ſuſtaining _ 


the Weight Q and hindering its Deſcent. 
In this Caſe, I ſay, the Proportion of the 
Power to the Weight, is compounded of 
the Ratio of the Radius of the Axel OL, to 


the Radius of the Wheel OH, and the Ratio 
of the Radius of the Pinion GD, to the Ra- 
dus of the other Wheel GA. So that, for 
Example, if the Radius of the Axel were 
the fourth Part of the Radius of its Wheel, 
and the Radius of the Pinion were the ſixth 
Part of the Radius of its Wheel; the Power 
would then be one fourth of one ſixth Part, 
that is, one twenty. fourth Part of the 
Weight. JFF 


For if a Power were applied at the point 


| 1 H in the Circumiference of the Wheel 
|: HIK, fo as to ſuſtain the Weight Q by 


puſhing towards C, then by the laſt Pro- 


> poſition that Power wou'd be to the Weight 
as OL the Radius of the Axel to OH the 
| Radizs of the Wheel. Hence it follows 
that the Weight Q diſpoſes the Circumfe- 
| © rence of the Wheel HIK, and at the ſame 
time the Circumference of the Pinion 
DEF, to move with a Force equal to that 
with which it wou'd be diſpos'd to move 
jk it ſuſtain'd a Weight as much leſs than 
Quas OL is leſs than OH, that is (accor- 
ding to our preſent Suppoſition) if it ſu- 
ſtain'd a Weight that was equal to the 
4th part of Q. So likewiſe if to the Wheel 
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| ABC there were applied at the Point A 2 


Power drawing towards P, and thereby 
ſuſtaining the ſaid fourth part of the 
Weight Q, the Proportion of ſuch a Pow- 
er to that fourth part of the Weight Q 
wou'd be as GD, the Radius of the Pinion, 
to GA, the Radius of the Wheel ; that is, 


according to what we have ſuppoſed, it 


wou'd be a ſixth part. This Power there. 
fore woud be to the whole Weight 
Q, in Reaſon compounded of GD ro GA 
and OL to OH. That is, according to 
the Suppoſition, it wou'd be the ſixtb par: 


of the fourth part, or the four and twentieth 


part of the Weight O. EP. 


ScxoLiumM I. 


From this Demonſtration it is eaſy to 
perceive, Thar if for ſuſtaining the Weight 
Q the Power were apply'd to the Circum- 


ference of a third Wheel, that had a Pini- 
on running in the Teeth of the Wheel 
_ ABC, that Power wou'd be to the Weight 


Q, in Proportion compounded of theſe 
three Ratios, the Ratio of the Radius of the 
Pinion of the third Wheel to the Radius of 
the third Wheel, the Ratio of GD to GA 


and the Ratio of OL to OH. So that it 


the Radius of the Pinion of the third Wheel 
were the tenth part of the Radius of that 
Wheel, the Power wou'd be the tenth part 
of the ſixth part of the fourth part: Thats, 
it wou'd be the two. hundred and fortieth 
part of the Weight . 
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+ ROW OL I; 


We may eaſily perceive alſo, that it 


wou'd be the ſame Caſe, if inſtead of ap- 
plying the Power to the Circumference of 


a third Wheel, it were applied to a Winch, 


the Leaves of whoſe Pinion ran in the 
Teeth of the Wheel ABC, and conſe- 
quently that the Power wou'd be to the 
Weight in Reaſon compounded of the Ra- 


dius of the Pinion RS to the length of the 


part of the Handle TV, together with the 
Ratio of GD to GA, and LO to HO. 


Scnot. III. 


Since a Power which moves a Weight 
muſt of neceflity be greater than that 
which is able to ſuſtain it only, it follows 
(from 5: 8) that the Power to the Weight 
muſt be greater than the Reaſon com- 


pounded of the ſeveral Reaſons of the Se- 
midiameters of the Axels or Pinions to the 


Semidiameters of their reſpectiye Wheels. 


Schorr. IV. 


A s the Weight which is ſuſtained or mo- 
ved by the Help of ſeveral Wheels makes 
a very different Impreſſion upon each of 
thoſe Wheels, ſo it is of great Conſequence 
in Practice, to make the Axel, which im- 
mediately bears the Weight, and the 
2 Wheel which is faſten'd to that Axel, 
ſtronger and more ſubſtantial than any o- 
ther of the Axels or 8 which may 
F. Wren” be 
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be made ſo much the lighter as they are 
farther remov'd from that Wheel at whole 0 


Axel the Weight hangs. Pre 
8 G4 | che 

S DE 
The Number f the Teeth of as Wheels, | wil 
of the Leaves of the Pinions, of an} ber 
Machine being given, to find how 5. Nu 
Turns the Wheel that moves faſteſt wil | | m 
make, whilſt that which Moves flonel ! 1 
turns onl once round. Fur 

FJ the 


E T us caft our "49 back upon the 4 1 
preceding Figure, and ſuppoſe tie Wh 
Number ef the Teeth of the Wheels and of DE. 
the Leaves of the Pinions there repreſent- | # AB( 
ed to be given. Let us ſuppoſe, for In. one 
ſtance, that the Wheel HIK has 24 Teeth; HIV 
the Pinion DEF 6 Leaves; the Wheel! one 
ABC Co Teeth; and the Pinion of the] mak 
Winch (which we are to imagine applied]! AB 
to the Circumference of the Wheel Abe, Win 
6 Leaves. Upon this Suppoſſtion, wia. ly th 


*ig FOLFI. 


to determine how many Turns the Winch | f fhall 
which is here contider'd as the Wheel tha: Þ } Cauſc 
moves faſteſt, will make, whilſt the flow. fore 
eſt moving Wheel HIK turns round but] turn 
once. | ABC 
Divide the Number of the Teeth of each] make 


Wheel reſpectively by the Number of the] four 
Leaves of each Pinion with which it turns; HIK 
thus will you have as many Quotients 1 fore. 


there are Wheels: Then multiply all chess ſingle 
Quo. make 


the 
the 
nd of! 
fen- | * 
r In- 7 
eeth; ! 
V heel Þ I 
x the! 
ABT 
are ly the Winch it ſelf to which it is fix'd, 
| ſhall make one compleat Turn. But be- 


Ma 
V 11 ch, | 1 
el that!! 
fore as that turns once the Winch ſhall 
turn ten times; therefore whilſt the Wheel 


e flow-Þ 3 
nd but} | 


of each! 
of the! 
turns; 
fore. It follows therefore, that for every 
ſingle Turn of the Wheel HIK, the Winch 
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Quotients into one another, and the laſt 
Product ſhall be the Number ſought. ' 
Thus in the Caſe propos'd : Divide 24, 


the Number of Teeth in the Wheel HIR, 


by 6, the Number of Leaves in the Pinion 
DEF with which it turns ; the Quotient 
will be 4. So likewiſe divide 60, the Num- 
ber of Teeth in the Wheel ABC, by 6, the 


Number of Leaves in the Winch Pinion ;_ 


the Quotient will be 10. Then multiply 
theſe two Quotients into each other, and 


the Product ſhall be 40; the Number of 
Turns that the Winch will make while 


the Wheel HIK is turning only once. 
To prove this : Obſerve that whilſt the 


Wheel HIK advances 6 Tecth, the Pinion 
DEF, which has 6 Leaves, and the Wheel 


ABC, which is fix'd to the Pinion, make 
one entire Turn. But becauſe the Wheel 
HIK has 24 Teeth, therefore as that makes 
one entire Turn, the Pinion DEF muſt 


make four. So likewiſe whilſt the Wheel 
ABC advances 6 Teeth, the Pinion of the 


Winch with its 6 Leaves, and conſequent- 
cauſe the Wheel ABC has 60 Teeth, there- 


ABC makes four Turns, the Winch ſhall 
make forty : But the Wheel ABC makes 
four Turns compleat whilſt the Wheel 
HIK makes but one, as we obſerv'd be- 


makes forty Turns. OE D. 
| 3 8 C H O1. 
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Thus having found that the Winch makes the 
forty compleat Turns for every ſingle Turn D ft 
of the Wheel HIK ; if you would know | tend 
alſo how much the Wheel HIK advances | Z hind 
at each Turn of the Winch, it is eaſy to | Line 
conclude from hence, that it advances the | the ( 
fortieth Part of its whole Circumference. | both 
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"DT TR" | 
Inclin'd PLANE. 

PROP. XX. © 


If in an Inclin d Plane the Inclination f 
the Plane to the Horizon be equal to an 
acute Angle, which is made by the Hypo. 

thenuſe of any right-angÞPd Triangle wit) 
its Baſe, and a ſpherical Weight tending 
to roll upon the Plane be ſuſtained bya} 
Power applied in ſuch a Manner; that | 
the Line of its Direction paſſes through | Þ 
the Center of the Weight parallel to th | 
Hori gon; the Proportion of the Power | 
to the Weight will be as the Perpenaict« | | 
lar to the Baſe of the Triangle. | 
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Z nufe FG there paſſes a Plane, whoſe Incli- 
nation to the Horizon is the Quantity of 
the Angle FGH, and which at the Point 
D ſupports à ſpherical Weight ABC 


ending to roll towards G, but that it is 


Z hindred by a Power applied at A, in the 
IL ine of Direction AEC, pafling thro' E 
the Center of the Weight, an parallel 
> both to GH and to the Horizon. This 
ſuppos'd, 1 ſay, the Power will be to the 
2 Weight as the Perpendicular FH to the 
 * Baſe GH. Demonftration : From the 
2 Center E to the Point of Contact D draw 
the Line DE, which (by 3: 18) will be 
perpendicular to the Line FG. Draw al- 

2 to che Line EN perpendicular to the Hori- 


| 7 zon. This Line ſhall both be perpendi- 


2 <& 
O an 


2 


'ough | 
o the = 
o wer 


dicu- its whole Gravity reduc'd to the Center E, 


por even to any other Point in its Line of 
Direction, ſuppoſe I. Hence it follows, 
that the Ratio of the Power at A to the 
Weight ABCD is the fame with that of a- 
I nother Power to the ſame Weight; which 
- = WS - other 


2 cular to the Baſe, and alfo be the Line 
of Direction of che Weight ABCD. I aft- 
,, from the Point of Contact D let fall the 
2 Lines DI, DL, perpendicular to the Lines 
with þ 2 

ding 
9544 
that | 
' © other Foint of its Line of Direction, for 
Z Inſtance ar L,; and alſo ſince (by the 7th 


I ſay then, fince (by the 4th Axiom) 


i the Power acting at A produces the very 
2 tame Effect, as fo fuſtaining the Weight 


that it would do if it were to act in any 


Axiom) the Effect of any heavy Body, as 
 F ABCD, wilt not be chang'd by fuppofing 
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other Power is applicd at L, and ſuſtains 
the whole Gravity of the Weight united in 
the Point I. Now ſince this other Power 
at L might ſuſtain the Weight ar I by 
means of a crooked Lever LDI ; and ſince, 
by the roth Propoſition, the Ratio of the 
Power to the Weight that ir ſuſtains would 
be chat of DIto DL: Therefore it follows, 
that the Power at A is to the Weight 
ABCD as DI to DL, or to IE, which 4 
equal ro DL. But the Triangle DEM be. 
ing right-angl'd, and the Line Dl being 
let fall from the right Angle D perpendi- 
cular to the Baſe EM, it follows (by 6: 8) 
that the Triangle DIE is ſimilar to DIM; 
Which Triangle DIM having the two An- 
ges DIM and DMI reſpectively equal (by 
1: 29, and 1: 15) to the two Angles GNM 
and GMN ot the Triangle GMN, it follow: 
(by 1: 32) that the Triangle DIM is ſimi- 
lar to the Triangle GMN, and conſe. 
_ quently to FGH, which (by 6: 2) is ſimi- 
lar to GMN. It follows therefore, from 
the Whole, that the Triangle DIE is ſimi- 
lar to the Triangle FGH; and alſo (by 
6: 4) that as Dl is to IE, ſo is FH to HG. 
But we have already proved, that the 
Power at A is to the Weight ABCD as D! 
to IE. Therefore alſo the Power to th; 
Weight is 3s FH ro HG. QED. 


COROLLARY. 


From this Propoſition it follows, that i: 
the Angle FGH be leſs than half a Righ: 
Angle, then the Power is leſs than th: 

IS Weight, 
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Weight, becauſe in that Caſe (by 1: 19, 


and 1: 32) FH will be leſs than HG. So 


2 likewiſe, if the Angle FGH be equal to 


half a Right Angle, the Power and the 
Weight are equal, becauſe then (by 1: 6, 


and 1: 32) FH will be equal to HG. And 
laſtly, if the Angle FGH be greater than 


half a Right Angle, the Power 1s greater 


than the Weight, becauſe (by 1: 19, and 
' 1: 32) FH will be greater than HG. 


Wherefore, when the Line of Direction is 
Horizontal or parallel to GH, the Inclin'd 
Plane will be helpful, provided the Angle 
FGH be leſs than half a Right Angle : but 
if it be greater, it will be more difficult to 
ſuſtain the Weight upon the Plane in the 
Manner aforeſaid, than if it were born 
immediately without the Aſſiſtance of any 
Machine at all. e 


OSCHOLIUM. 
But if inſtead of the Power at A puſhing 
the Body ABCD (as we have hitherto ſup- 
pos d) towards C, we imagine the Point 
C of that Body to be drawn by a String 
with a Weight P hanging at Liberty at the 


other End; which String paſling over the 


Pully O, from O to C becomes Horizon- 
tal or parallel toGH : Then as the Weight 


P ought to be equal to the Power at A, in 
order to produce the ſame Effect; ſo the 


Weight P muſt alſo be to the Weight 
ABCD, as FH to HG, : 


PROP, 


: * . —_ —— % * . 2. ” 8 2 
5 8 5 — va — — ——ů — * 
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PROP. XXIII. 
But now, if the Power be applied in ſuch 4 


Manner that the Line of its Direction 


paſſes thro the Center of the Weight pa- 
rallel to the Hypothenuſe of the 112ht- 
angld Triangle, then the Ratio of the 


Power to the N eight will be as the Per- 5 


pendicular to the Hypothenuſe. 


E ſuppoſe here, as in the foregoing 
Propoſition, that the Baſe GH of 


the Triangle FGH is parallel to the Hori- 
on, and alſo that along the Hy pothenuſe FG 
there pafles a Plane, the Quantity of whoſe 
Inclination is the Angle FGH ; but that 
the ſpherical Weight ABCD touching the 
Plane in D is ſuſtained by a Power ſo ap- 
plied at A, that the Line of its Direction 
AEC paſſing thro' the Center E is parallel 
to the Hypothenuſe FG. I ſay then, that 


the Power is to the Weight as the Perpen- 


dicular FH to the Hyporhenuſe FG. 


Demonſtration, From the Center E to 


the Point of Contact P draw the Line DE, 
which (by 3: 18) ſhall be perpendicular 
to FG. Draw allo the Line EN perpen- 
dicular to the Horizon: This Line fhall 
be both perpendicular to the Horizon, and 
_ alfo the Line of Direction of the Weight 
ABCD, by the force of its natural Gravi- 


ty. Laſtly, from the Point D let fall the 
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This ſuppoſed ; as the Power acting at 
A is the very ſame with that which by 
acting in any other Point of the Line of 


| Direction, ſuppoſe at Bs ſhould ſuſtain 
the ſame Weight; and alſo ſince the Ef. 
' fect of the Body ABCD will continue the 


very ſame if we imagine all Gravity to be 


united in the Center E, or in any other 


Point of its Line of Direction, ſuppoſe in 


| 1, it follows that the Ratio of the Power at 
A to the Weight ABCD, will be the fame 


with that of another Power to the ſame 
Weight, which other Power ſuſtains the 


whole Gravity of the Weight united in the 
Point I. But as the Power in E might ſu- 
ſtain the Weight I by means of a crooked 
Lever EDI having its fix'd Point D, the 
| Diſtance of the Power ED and the Di- 
ſtance of the Weight ID; and ſince, by 
the roth Propoſition, this Power would be 
to the Weight it ſuſtains as ID to ED. 
From thence it follows, that the Power at 
A is alſo to the Weight ABCD as ID to 
Ed. But ſince from the Right Angle D 
of the right-angl'd Triangle EDM, the 
Line DI falls perpendicular upon the Baſe 
EM, the Triangle DIE (by 6: 8) will bg 


ſimilar to the Triangle DIM; which Tri- 


angle DIM having its two Angles DIM 
and DMlreſpeRively equal (by 1: 29, and 
115) to the two Angles GNM and GMN 
of the Triangle GMN, it follows (from 

I: 32) that the Triangle DIM is ſimilar 
to the Triangle GMN, and conſequently 
| to FGH, to which (by 6: 2) GMN is ſi- 
milar: It follows therefore from the Whole, 


that 
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that the Triangle DIE 1s ſimilar to the 
Triangle FGH, and ailo (by 6:4) that! 


as DI to DE, ſo is FH to FG. But we 
have proved already, that the Power at 


A is. to the Weight ABCD as DI to DE; f 
therefore the Power is to the Weight 2. 


FH to FG. ED. 


CoroLrLakry |. 


From this Propoſition it follows, tha: 
whatſoever the Angle FGH be, the Pow. 
cr, provided its Line of Direction be pa. 
rallel to the Hypothenuſe, will always be 
leſs than the Weight, becauſe (by 1: 19) 


the Perpendicular FH will always be le; 


than the Hypothenuſe FG. 
CororLrary Il. 


It follows alſo from this Propoſition, 
that if inſtead of a Power at A puſhing 
the Body ABCD (as we have hitherto ſup- 
pos'd) towards C, we imagine the Body 
to be ſtopp'd and ſuſtain'd upon the Plane 
FG by another Plane QR touching the 
Body in A; the Relative Gravity, with 


which that Body ſhall preſs the Plane QR, 
will be to its abſolute Gravity, by which 


it tends to the Center of the Earth, as FH 
to FG. For, by the 7th Definition, it is 
evident, that the Preſſure of the Body 


_ ABCD againſt the Plane QR is equal to 
the Power at A, ſeeing they both equally 


{uſtain the Body and keep it from rolling; 
and conſequently they have both the ſame 
Ratio to the abſolute Gravity of the Body. 
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But if inſtead of the Power at A puſh- 4 
ing the Body ABCD (as we have hitherto 1 
dat ſuppos'd towards C, we imagine the Point | | 
JE; C of that Body to be drawn by a String 
| COP, with a Weight P hanging at the 
End of it; which String paſſing over the 

' Pully O, from thence goes on to C, paral- 
lel to the Hypothenuſe FG. Then as the 
thi: 1 Weight P ought to be equal to the Power 
ow. | at A, in order to produce the ſame Effect; 
> pa. # fo the Weight P muſt alſo be to the Weight 
5 be ABCD as FH to FG, | 


Sens II. 

But if inſtead of the String drawing the 
Point C, as was juſt now ſuppos'd, we 
| imagine another String faſten'd by one 
| End to the Point B, being the Extremity 1 
of the Diameter DEB, and from thence þ 
| paſling over a Pully, as O, which diſpoſes 
the Part of the String CO in the Situation 
parallel to FG; the other Part hanging down 
with a Weight Pat the End: Then as this 
Weight will be in the Nature of a Power 
| Whoſe Diſtance is the Line DB, ſo it plain- 
ly follows, that it will be to the Weight 
© ABCDin the Ratio of DI to DB, or of FH "74 
to twice FG, Whence it follows, that if - 
a Power were to be applied at B to ſuſtain 1 
the Weight ABCD, it need not be any 1 
more than half of that which muſt be ap- 3 
| plied at A to produce the ſame Effect. 
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Fig. 54. 
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Here it is of importance to remark, 
That of the whole inclined Plane FG there 
is but one Point, viz. D. Now as this 


Point is common to the Plane FG, and to 


the Sphere QDR, whoſe Tangent is FG; 


ſo it follows that if a Power applied at the 
Point A of the Spherical Weight ABCD 


ſuſtains that Weight when ir ſtands upon 
the Spherical Body QDR, the Proportion 


of the Power to the Weight will ſtill alſo 
be as FH to FG. DE 


Scho l. IV. 
So likewiſe if other Powers are applied 
to as many other ponderous and ſpherical 
Bodies as you pleaſe, ſuch as STVB and 


XYZT, ſupporting each other as QDR 


{upports ABCD, provided always that the 
Line of Direction of each Power paſſes 
thro' the Center of the Weight to which it 
is applied parallel to FG; there will ſtill 


be the ſame Ratio between each Power and 


the Weight ir ſuſtains as before, viz. that 


of FH to FG; and conſequently (by 5:18) 


all the Sum of all the Powers to the Sum 


of all the Weights will alſo be as FH to 
ä Ft! 


SCHOL. V. 

Farther we may ſuppoſe, That cloſe by 
the Spherical Bodies ABCD, BSTV, 
TRYZ, another Range of the like Bodie: 


15 


7 VIS, 2 EI 
VAT: ns EY rr N 


» y : 8 © 2 
n 7 Ws , PR. 3 
PRIDE, © wat } PO gx Talk. A 
c 


A Treatiſe of Mechanic bs. 


is placed in the ſame manner, ſuch as that 
in the Figure compos d of the Spheres 1, 


2, 3; the firſt of which touches the inclin'q 


Plain FG, and at the ſame time ſupports 


the ſecond, as the ſecond ſupports the 
third. In this Caſe, as it is certain that 
Powers applied to the Points AS and X of 
the former Weights may ſuſtain theWeights 
1, 2, 3, by means of the Diameters AC, 
SV, and XZ; and that the Force required 
to ſuſtain theſe New Bodies is neither 
more nor leſs than was required to ſuſtain 
the former ; ſo it is likewiſe undeniably e- 
vident, that the ſame Number of Powers 
are neceſſary even in Quantity 0 
the former, in order to ſuſtain at once theſe 
two Ranges of Spherical Bodies. It fol- 
lows therefore (by 5: 18) that the Sum of 
all theſe new Powers to the Sum of all 
the Weights together, is ſtill in the ſame 
Proportion of FH to FG. 5 


Scnoru. VI. 


If therefore we triple or quadruple or 
multiply as often as we pleaſe the Num- 
ber of the Ranges, it is evident, that the 
Force of the Powers muſt alſo be multi- 
plied in the ſame Proportion. So that in 
one Word we may pronounce univerſally, 
that whatſoever the Number of Ranges be, 
provided the Spherical Bodies are placed, 
and che Powers which ſuſtain them appli- 
ed according to our preſent Suppoſition, 


there will always be the ſame Ratio as has 
been frequently mention'd between the 


Sum 
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Sum of the Powers and the Sum of th: | q 
Weights; viz. that of FH to FG. 4 


SE HO t. VII. 


Bodies, ſtanding upon the inclin'd Plane 
FG, to be puſh'd by a Power with its Line 
of Direction, paſſing thro' the Center of 
the Bodies parallel to FG; if in the room 
of this, I ſay, we imagine all thoſe Bodiz; 
to be threaded thro' their Centers with 2 
String paſſing from C parallel to the Plane 


over the Pully O, and having a Weight R 


hanging at Liberty, faſten'd to the other 
then as the Weight R mutt be 
equal to the Power at A in order to pro- 
duce the ſame Effect, it follows that thi; 
Weight will be to all the reſt from A to 
C, as FIL tO FG. | 


VIII. 


Hut if inſtead of imagining the ſong! 
Weight which hangs upon the Part OP oi 
the String, we ſuppoſe ſeveral Weight: 


hanging upon the ſame Part of the String, 


as P, Q, cach of which is equal to each 


of thoſe that compole the Row AC ; it 13 


evident, that the Sum of the Gravities of 


thoſe ſeveral Weights muſt be equal to the 


Gravity of the ſeng/e Weight R hanging at 
the Extremity P, as was ſuppos' d in the 
laſt Scholium, in order to remain in Equi- 
librio with the former String of Weight: 
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the AC; and conſequently that the Sum of 
the Gravities of the Weights P, Q, be to 
the Sum of the Gravities of the Weights 
from A to C, as FH to FG. Now 
7 ſince all the Weights upon both Parts of 
it A the String are ſuppos'd equal, it is impoſſi- 
rica] þ ble that the Sum of the Gravities of the 
lane]! | Weights P, Q, ſhould be to the Sum of the 
Lins | Gravities of all the Weights from A to C, 
er of þ | unleſs the Length of PQ be to the Length 
con of AC in the foremention'd Proportion. 
o0die: Þ It is impoſſible therefore, that the Weights 
icha 1 P, Q, ſhould be in Equilibrio with all the 
Jane | Weights from A to C, unleſs the Lengths 
ht R PQ and AC be as FH to FG. 
other 


8 If two inclin d Planes, whoſe Inclinations 
d] A N 
| to the Horizon are equal to two acute 
A to iy 
1 Angles which form the two Sides of 4 
Triangle, having its Baſe parallel to the 
Horizon, ſuſtains two Spherical Weights 


faſten'd together by a String paſſing from 


Wn ES 
* 


ſing'! their Centers parallel to the Baſe of the 

OP bh Triangle, and remaining with each other 

5 in Equilibrio; the Ratio of theſe two 

hs 0 Mieights will be the ſame with that of the 

; itis |) 770 Parts of the Baſe divided by a Per- 

ties of |" P/enatcular let fall jrom the Angle oppo- 

to the fte to the Baſe, 
ing ac E | 5 | . . 
> he = | N the Triangle ABC the Baſe BC is Fz. 56. 
1 E. 1 ſuppos' d parallel to the Horizon, and 
eight; chat thro' its two Sides AB, AC, there paſs 


AC; 11 two 


hanging down to N, and GI to M; 


AH. 
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two inclin'd Planes, the Angles of whoſe 
Inclination are the Angles ABC and ACB., 


It is ſuppos'd alſo that upon theſe two 


Planes are plac'd two Weights D and E, 


which being held together by the String 
FG paſling from their Centers parallel to 
the Horizon, are in Equilibrio. And laſtly 


it is ſuppos' d that from the Angle A oppo- 


ſite to the Baſe BC a Line AH is let fall 
perpendicular to the Baſe, I ſay, the 
Weights D and E ſhall be as the Segments 
of the Baſe BH and HC. 

For ſince the Weights D and E keep 


each other in Equilibrio, it follows neceſſa- 


rily that the Weight D draws the String 
10 to it's fide neither more nor leſs than 
the Weight E does on it's ſide. Wherefore il 
the String were cut aſunder in any Point, 
as I, and the two Parts FI, GI lengthen'd 
ſo as to pals over the Pulty L, che Part Fl 
there 
would nec ſſarily be requird at the Point 
N, to fuſtain the Weight G, a Weight 
equal to that which would be requir'd at 
the PoiatM ro ſuſtain the Weight E: The 
two Weights therciore N and M are equal. 
But by the tw enty ſecond Propoſition the 
Weight D is co the Weight N as BH to 
Conſequently the ſame Weight D 
is to the Weight M as BH to AH, Fur- 
ther, by the ſame Propoſition the Weight 
M is to the Weight E as AH to HC. 
Here then we have on the one Hand three 
Weights D, M and E, and on the other 
Hand three Lines BH, AH and HC : And 


the three firſt taken orderly by two and 
two 
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two are proportional to the three laſt, 


99 


therefore (by F : 22.) they are alſo pro- 


portional when taken equally, Wherelore 
as D to E, ſo is BH to HC. QED, 


TROP. ANY. 


But now if the String which holds the Weights 
together were to paſs over a Pully which 


ſhoald bend it in ſuch a Manner, that 


the Parts on each ſide were parallel to 
the inclin d Planes; then the Weights 
will be as the Sides of the Triangle up- 
on which they Stand, 5 


"N the Triangle ABC the Baſe BC is 
ſuppos'd as before parallel to the Ho- 


rizon; thro' the ſides AB, AC, let 
there paſs two Planes, whoſe Inclinations 


to the Horizon are the Angles ABC, A 
CB; upon theſe two Planes let the two 
Weights D and E reſt. But now we are 


to imagine the String FG by which the 


Weights are held together in Equilibrio, to 
paſs over the Pully L, by which it is bent 
in ſuch a Manner that the Part FI is pa- 
rallel to BA, and the Part GI to CA. This 
ſuppos'd, I ſay the Weight D is to the 
Weight E as BA to CA. For ſince the 
Weights D and E keep cach other toge- 
ther in Equilibrio, it neceſſarily follows that 
the Weight D draws the String neither 
More nor leſs towards its ſide, than the 

| 4 - Weighs: 


Fig. 5 7. 
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Weight E does towards its fide. Where- 
fore it the String be cut aſunder in an 
Point; as I, and the Parts F and Gl being 


prolong 'd are made to paſs over the Pully 
L, FI hanging down to N and GI to M: 


There will neceſſarily be required at the 


Point N, to Support the Weight D, a1 
Weight equal to that which will be re- 


quired at the Point M, to Support the 


Weight E. And therefore D will have 


the ſame Ratio both to the Weight M 
and the Weight N. Now having let fall 


from the Point A the Line AH perpendi- 
cular to the Baſe BC, it follows by the 


twenty ſecond Propoſition, that the 


Weight D is to the Weight N, as BA to 
to AH; where the ſame Weight is alſo 
to the Weight Mas BA to AH. Again, 

by the ſame Propoſition the Weight M is 
to the Weigt E, as AH to AC. We have 


here therefore on the one Hand three 
Weights, viz, The Weight D, the 


Weight M, and the Weight E; and on 


the other Hand three Lines, viz. BA, 
AH and AC, which Quantities taken or- 
deri) are proportional therefore (by 5: 
22.) they will be proportional alſo, taken 
equally. Wherefore as the Weight D to 
the Weight E, ſo is BA to CA. QED. 


PROP 
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n } | 1 

s 1 PROP. XXVI. 

ly (3. ad 

A: |! If an inclind Plane, the Quantity of whoſe 

he Juclination to the Horizon, is the acute 
FE Argle which the Hypothenuſe of 4 

right Angle Triangle makes with the 


Spherical Weight ſuſtain'd by a Power 


Abſolute Gravity of that Weight to 
the Relative Gravity with which it 
preſſes upon the Plane, will be equal to 


Rightangld Triangle to the Baſe. 


1 
nave | FN the Triangle FGH Rightangl'd at I, 
3 H let the Baſe GH be parallel to the 
Horizon; along the Hypothenuſe FG let 
Ba, there paſs an inclin d Plane, the Quantity 
of whole Inclination to the Horizon is the 


Baſe placed Horizontally, ſupports 4 


the Ratio of the Hypothenule of the 
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with its Line of Direction, parallel to 
the inclin d Plane: The Ratio of the 


Fig. 58. 


n . acute Angle FGH ; at the Point D of that 
45 en | Plane let there be plac'd a Sphefical 
D o Weight ABCD ſuſtain'd by a Power 


AED with the Line of Direction AEC applied 
at A, and paſſing thro' the Center of the 
Weight E parallel to FG. This ſuppos'd, 
I ſay that the Abſolute Gravity of the 
Weight ABCD to the Relative Gravity 


5 : will be as FG to GH. 
oP. | 


o be taken away, and in the Room of 
1 | . . 


| with which it preſſes the inclin'd Plane, 


Demonſtrattion, Imagine the Power at 


x 
; A 
: 

7 

if 

| 

: 
þ 
17 
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it to ſuſtain the Weight ABCD conceive 


the Plane LAON plac'd perpendicular to 


AC and conſequently to FG. In this 


latter Plane from any Point taken ar 


Pleaſure, as L, let fall the Line LM per- 
pendicular to HG continu'd if need be. 


This Proportion ſuppos'd ; ſince when 
the Weight ABCD is confider'd as ſtand- 


ing on the inclin'd Plane FH ; we con- 
_ clude from the ſecond Corollary of the 23d 


Propoſition that the Abſolute Gravity is to 


the Relative Gravity, with which it preſſes 
the Plane LAON as FG to FH: So like- 


wiſe conſidering the ſame Weight as ſtand- 
ing upon the inclin'd Plane LAON, we 
from the ſame Corollary 
that the Abſolute Gravity is to the Relative, 


with which it preſles the ſurface FG, as 


LN to LM. But fince the Triangles LM 
N and FGH are Equiangular, being both 
ſimilar to the Triangle GON, therefore 


(by 6: 4.) as LN to LM, ſo is FG to FH. 
Conſequently the Ratio of the Abſolute Gra- 


vity of the Weight ABCD to the Relative 
Gravity with which it preſſes the Plane 


FG, will be the ſame as the Ratio of 


BED. 20 


ScnoLium l. 


FG to GH, 


If to the Point C we imagine a String 
to be faſten'd, which after having paſs d 


over the Pully R, fo plac'd as to keep the 
Part of the String CR parallel to FG, 
hangs down on the other fide with the 


Weight S at the End, which Weight 8 is 
Fs : N 


1 W . 3 
N . N T? n . * n . n voted ALAS, fat, N 4 K , 
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to the Weight ABCD as FH to FG: It 
would follow by the firſt Scholium of the 
23d Propoſition, that the Weight S would 


ſupply the Place of a Power at A, or of 
| the Plane LAON. And would hinder 
the Weight ABCD from proceeding in 
| any wile towards T, after the Plane LA 
l ON was taken away. So again, it we 
ſuppoſe a String faſten'd to the Point B, | 
£ and after having paſsd over the Pully P "Ht 
1 | keeping its Part BP parallel to LN, to * 
hang down on the other ſide, having at Wh 
che Extremity the Weight Q, which is in 44 
| Proportion to the Weight ABCD, as LM Ml 
to LN; it will follow from the ſame Scho- 41 
lium, that the Weight Q may ſupply the [NN 
Place of the Plane FG, and equally hin. 1 
der the Weight ABCD from. proceeding Wilt | 
towards V upon the removal of the Plane $14 
FSG: Thus the Weight ABCD would re- 14 
main ſuſpended by the two Strings PB 5 Vows 
and RC. This ſuppos'd, we eaſily prove 1 
that the Weight Q is to the Weight 8, as | 27 


G to FH. For by Suppoſition the Weight 
Q s to the Weight ABCD as LM is to 


y — - = * - 
— p22 
« n 
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LN, that is (by 6: 4.) as GH to FG. 0 | 
Moreover the Weight ABCD is to the 


Weight as FG to FH, here therefore we 1 
have ſix Quantities. El 7 15 
Firſt, Three Weights; the Weight Q, 
the Weight ABCD and the Weight Ss. 
Secondly, Three Lines; viz. GH, FG, 
and FH. Which Quantities taken orderly 
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are Proportinal, therefore (by 5: 22.) 4 
they will alſo be Proportional when taken 1 
equally, Wherefore as Q to 8, fo 5s GH 780 
io FH. R/ Senor. „ 


104 


Fg. 89. 


A Treatiſe of Mechanicks. 


ICHOL, II. 


Obſerve here, that the Power which 
we ſuppoſe at A, or the Plane LAON 


that was plac'd in its ſtead, do not make 
the Body gravitate ever the more or leſs 
upon the Plane FG; but that they only 


ſerve in helping us to conſider the Weight 
ABCD as gravitating upon one ſingle Point 
of the Plane. And therefore, tho' we 


| ſhould ſuppoſe the Weight, all "Obſtacles 


remov'd, to Roll freely upon the inclin'd 
Plane FG; it will be then true indeed, 


that it will gravitate Succeſſively upon all 


thoſe Points of the Plane over which it 
Rolls, but ſtill the Ratio of the Abſolute 
Gravity to the Relative Gravity with which 


it preſſes the Plane in any Point where it 
is found to be in any Inſtant of Time, will 


5 nevertheleſs always be the ſame as that 
of FG to GH. 


. 
Hence we may Conclude, that if a 


Spherical Weight moves towards the plain 


Surface of a Body obliquely, the Ratio of 


the whole Force with which the Weight 


moves, to that Force with which it ſtrikes 
againſt the Surface, will be as the Radius 
to 1 ſine of the Angle of Incidence. 

Let us ſuppoſe, for Inſtance, the Sphe- 
rical Body A to move in the Line AM, 
making with the plane Surface BE of the 


dy: BCDE che Angle of Incidence AME. 


From 
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From the Center M, and with what Di- 
{ſtance you pleaſe, as MI, deſcribe the 
Arch IK, and from the Point J let fall the 
Line IL Perpendicular to MK: IL ſhall 
be the ſine of the Angle of Incidence 
AME. I fay then that the hole Force 
with which the Sphere A moves, is to the 
articular Force with which it ſtrikes the 
Surface of the Body BCDE, as MI the 
Radius of the Circle to IL the ſine of the 
Angle of Incidence. 


Demonſtration, Continue IM at Pleaſure, 


to N ſuppoſe ; thro' the Point N draw 


the Line GNH Perpendicular to IN ; and 
from the Point H taken in the Line GNH 


ar Pleaſure, draw HF perpendicular to 


GH, and at the lame time Parallel to 
MN. . 


Horizontal Line, FH a Line perpendicu- 


lar to the Horizon, and FG an inclin'd 
Plane. The conſequence of all which is, 


that by the foregoing Propoſition che 
ſhock or ſtroke of the moving Sphere A. 

upon the Plane FG, is in Effect the ſame 
with the preſſure of the Body ABCD in 
Figure 58 upon the Plane FG in the ſame 
Figure ; and therefore that in the preſent 


Cale alſo the whole Force of the moving 


Sphere A is to the particular Force with 


which it ſtrikes upon the Plane FG, as 
FG to FH. Now ſince the Line MF fall 


ing upon the Parallels MNI, and Gy 
5 by 


This öde; if you Conſider the whole 
Force with which the Sphere A moves as 
the Weight of a Body deſcending towards 

N, then the Line GNH will repreſent a a 


- "0F- 


106 


Eg 60. 


A Treatiſe of Mechanics. 
(by 1: 29.) makes the alternate Angles 


MFH and IML equal; and ſince more- 


over the Angles GH F and ILM are Right, 


and ſo (by 1: 32.) the Triangles FGH 


and MIL equiangular : It follows there. 
fore that as FG to GH, ſo is MI to LI. 


Whence we Conclude that the whole 


Force of the maving Sphere A is to the 
particular Force with which it ſtrikes up- 
on the Plane FG, or the Surface BE of 


the Body BCDE, as MI to IL. QED. 


Gert, . 


Hence alſo we may determine the Force 


with which a Spherical Body is requir'd to 
move in a given Angle made by two Bo- 
dies, which are joyned together at one 


End, in order to Part thoſe two Bodies 
aſunder, which are ſuppos'd to reſiſt the 


Separation with a Force of a given Quan- 


tity ; and alſo demonſtrate that the Ra- 


tio of the Force with which the Spherick 
Body to the given Force of Reſiſtance in 


the two Bodies need not be but a very 
little Bigger than the Ratio of the ſine of 


the Angle contain'd between the two Bo- 


dies, to the ſine of half its Complement 
ro two right Angles, or 180 Degrees. 


To make this appear, let us ſuppoſe firſt 


of all the two Bodies CBEF and CGH 


joyned together at one End, fo as to Form 
there the given Angle, as BCD, and alſo 


to reſiſt their further Separation, or the 
augmenting of the Angle BCO by a cer- 
tain Force according the Quantity given. 


1 
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Let us ſuppoſe likewiſe that the Spherick 


Body A. is moving from A towards C in 


the Angle BCD with the Line of Directi- 


on IC, which divides that Angle in two 
equal Parts. Now therefore we are to 
prove that for the Sphere A to ſeparate 
the two Bodies CBEF, CDGH, it is ſuf- 
ficient that the Ratio of the moving Force 


to the Force of Reſiſtance, be ſome ſmall 
matter bigger than the Ratio of the ſine of 
the Angle BCD to the fine of half its 


Complement to two right Angles. 
Demonſtration, From the Point I to the 
Points K and L, where the ſpherical Body 


touches the Lines CB, CD draw the two 


right Lines IK IL; continue Kl towards 
Q; from the Point L upon IQ let fall the 
Perpendicular LP ; join the Points K and 
L with the right Line KL; and from the 
Center, I, draw the right Line NIO pa- 
rallel to KL. This done, ſeeing the right 
Lines IK, IL are drawn from the Center 


to the two Points of Contact K and L, it 


follows from (3: 18) that the two Angles 
IKC and ILC are right, and that the Tri- 


angles IK C and ILC having alſo the An- 
gles at the Point C equal, and the Side 
IC common, are (by 1: 26) equal and 


ſimilar ;. and conſequently Angle CIK is 


equal to the Angle CIL. And fince in 


the Triangles IKM and ILM, the fide IK 
is equal to IL, and the fide IM common, 
and the Angle MIK equal MIL : there- 
fore (by x : 4) the Baſe MK is equal to 
the Baſe ML, and the Angle IK M equal 
to the Angle ILM; and the Angle Ser 

ES equal 
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equal to the Angle IML. Conſequently 
the Line CI is perpendicular to KL, and 
conſequently alſo (by 1: 28) NO is paral- 
lel to KL. Further, ſince the Angles OIC 


and NIC are equal, if we take from em 


the equal Angles LIM and KIM, the Re- 


mainders LIO and KIN will be equal: 
But the Angle OIP (by 1: 15) is equal 


to the Angle KIN, and by conſequence 
to the Angle LIO. Again, lince in the 
right-angled Triangle CIO, the Line IL 
falling from the right Angle perpendicu- 


lar to the Baſe CO, divides the Triangle 
into two others, ILC and ILO, ſimilar 
(by 6:8) both to each other and to the 
whole ; therefore the Angle LIO is equal 
to the Angle LCI, and conſequently the 
Whole Angle LIQ is equal to the Angle 


I CN. Moreover, as in the four-fided Figure 


CLIXN the four Angles (by 1: 32) taken 
together, are equal to four right Angles, 


and as the Angles CKI and CLI are both 
right, it follows that the Sum of the two 


Angles LCK and LIK is equal to two 
right Angles, and that theſe two Angles 


are to each other reſpectively the Com- 
plements to two right Angles. The Angle 
MIL therefore is half the Complement to 


two right Angles of the Angle LCK or 


BC b, or, which is equal to it, of LIQ. 
Laſtly, conſidering the Circle KSL, it 
it is manifeſt that LP is the fine of the 
Angle LIQ, or of its equal BCD, and 
that LM is the fine of the Angle LIM, 
which is half the Complement of BCD to 
two right Angles, Here therefore we are 


to 
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to prove, That for the ſpherical Body A 
to ſeparate the two Bodies CBEF,CDGH, 
it is ſufficient that the Ratio of the moving 
Force to the reſiſting Force be only a lit- 
tle bigger than the Ratio of LP to LM. 
| Now this will eaſily appear if it be conſi- 


dered on the one hand that the Force 


| with which the two Bodies CBEF, and 
| CDGH, oppole their Separation, is in ef- 
fect anſwerable to a Gravitation upon the 
Point K with the Line of Direction KIP 
(perpendicular to CK) puſhing the Sphere 


A towards the Body CD GH, which all 
the while remains perfectly fixt and immo- 
vable. On the other hand let it be conſi- 


dered that the Force with which the Sphe- 
rical Body A moves, is entirely of the 


ſame Nature and Effect with a Power ſup- 
pos d to be applied at the Center of the 
Sphere I, in the Line of Direction IC. 
For by the Corollary of the forth Axiom, 
the ſame Effect will be produced by a 


Gravitation at P equal to that at K, and 


by a Power at M equal to that at I, the 
Directions both of the Weight and of the 
Power continuing as before. Now by ſup- 
poſing the Gravitation at P andthe Power 
at M, we ſhall have the crooked Lever 
MLP, whoſe fixt Point is L, the Di- 
{tance of the Power ML and the Diſtance 
of the Weight LP. Therefore by the 1oth 
Propofition the Ratio of the Power requir'd 


to overcome the Reſiſtance of the Gravi- 
tation at P to that Gravitation, need to be 
but a very little greater than the Ratio of 
LP to LM, Putting therefore the Force 


with 
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with which the Body A moves inſtead of ; 
the Power at M, and the Force by which! 


the firſt Force to the ſecond is but a very 


the Bodies CBEF, CDGH ; becauſe 
thereby the ſine of the Angle BCD, be- 


of half its Complement to two right An- 


the Impulſe of the moving Sphere A by 
bringing their Extremities B and D cloſer 


moving Sphere advanc'd towards C, and 
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the Bodies CBEF, CDGH refiſt their be. | mene to 
ing ſeparated, inſtead of the Gravitation 
at P; it will be true alſo that the Ratio of ; 


little greater than the Ratio of LP to LM, 
that is to ſay of the ſine of the Angle 


BCD to the fine of the Angle CIL which yr, 
is half its Complement to two right An. If a Po 
| gles. QED. . | N |  wvallel 

Coror. III. | =” 
Hence it follows, that the bigger the 


Angle BCD is the greater Force the Sphe- 
rical Body A ought to move with to over- 
come the ſame Degree of Reſiſtance in 


comes ſo much the greater, and the fine applied 
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Hence likewiſe it follows, that if the Bo- 
dies CBEF, CDGH are disjoyn'd at C by 


together; it will not then be Neceſſary 
that the Sphere A ſhould continue to move 
wich ſo great a Force, as it did at firſt, in 
order to augment the Separation. For it 
is Evident that the Angle which would be 
made by the Lines BC, DC, continu'd, 
would {till become ſo much the leſs as the 
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that on the Contrary, its half Comple- 
ment to two right Angles would become 
ſo much the greater. z 


Of the WEDGE. 


If a Power whoſe Line of Direction is pa- 
rallel to the Horizon, ſuſtains a Werght 
by means of a Weage, whereof one of the 
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Planes is parallel to the Horizon ; that 


Power will be to the Weight which it 
ſaſtains as the Perpendicular of the 
Wedge to the Baſe of the Wedge. 


ET chere be a Wedge FGH fo ſitu- 


applied to the horizontal Surface LM; 


| Fig. 61. 
ate that one of its Planes GH be 


and let a Power with the Line of Directi- 
on parallel to LM be applied co the Plane 


FG, in order to ſuſtain the heavy Body 


ABCD which is alſo kept from Rolling 


from C towards H by the Plane IL per- 
pendicular to the Horizon, againſt it reſts 
upon the Point B. Further, let us ima- 
gine that the Wedge FGH can eaſily ſüde 
upon the horizontal Plane LM, and that 
the rubbing of the Body ABCD againſt 


the Planes FH and IL does not hinder the 


ſaid Body from ſliding eaſily along thoſe 


Planes. This ſuppos'd, I ſay that the 


Power at FG to the Weight which it 


ſuſtains, ſhall be as the Perpendicular FG 


to the Baſe GH. | 
| For 
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For ſince in Bodies which touch and 
preſs each other, the Preſſure is mutually 
equal in thoſe Parts where they touch, 


and ſince the heavy Body ABCD preſſes 


againſt the Plane FH in the Point C, nei- 


thre more nor leſs than the Plane preſſes 
againſt that heavy Body in the ſame Point: 
It follows that the Power which ſuſtains 


the Weight ABCD by being applied to FG 


with the Line of Direction parallel to I. M 


or GH, is equal to another Power, which 


would ſuſtain the ſame Weight by being 


applied at the Point B with the Line of 
Direction BD parallel to GH. But by the 
22d Propoſition the Power at B would be 
to the Weight ABCD which it ſuſtains as 


F to GH. Conſequently the Power at FG 


is to the Weight as the Perpendicular of the 


Wedge to the Baſe of the Wedge. 2ED. 


CoxOLLARVI. 
From this Propoſition it follows, that if 


a Power be applied perpendicular to the 


Surface FG of the Wedge FGH in ſuch a 


Manner, that by puſhing the Wedge for- 


ward it raiſes up the Body ABCD, it is 


Neceſſary that the Ratio of the Power to 


the Weight ſhould by ſome little exceed 
the Ratio of FG to GH; it being certain 


that the Power which Moves ought to be 
ſomething bigger than that which only 
Suſtains a Weight. 


„ 
From this Propoſition it follows alſo, 
that the more the Angle FRG is . 
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d e much the leſs a Power is requir'd in 

y | compariſon of the Weight which it ſu- 

„ ſtains or moves: For the leſs that Angle 
be 1s, the leſs becomes the perpendicular FG 

S with regard to GH. 

x Scnorium I: 

1s has | F 

G The Wedge indeed is not ſo commonly 

M employ'd for the raiſing of Bodies, as for 

h the cleaving them aſunder ; however it 
g wou'd be ſuperfluous here to make any 
ff WW particular obſervation about ufing the 
6 Wedge in that Manner; becauſe what we 
> have demonſtrated in the foregoing Pro- 
38 poſition may with great Eaſe be accommo- 

6 dated to that Purpoſe. For what can be 

ie more evident than that one part of the 

0. Body which is cleaving may be conſider- 


ed as A Horizontal Plane, and the reſi- 
ſtance which the other part makes to the 


if being ſeparated from the former, may 
1e paſs for a kind of Gravitation whoſe Line 
2 of Direction is perpendicular to that Part 
r- from which it is divided. 

15 IN „ wt 

4 Scho tr. II. 

in As the Action of a Wedge is nothing 


de but that of ſliding againſt the parts of 
ly the Body which it ſeparates, ſo the in- 
convenience of rubbing is much more 
conſiderable than in any of the foremen- 
tion'd Machines. For which Reaſon that 
o, the Obſtacle to the Motion may be as 
te, little as poſſible, 17 Wedge ought to b- 
| | ke ' mide 
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meet, it becotnes impoſſible to contititic 


eaſily. judge what Service Oil and Greaſe 


to thoſe Sarfaces of Machines that touch 
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made of fuch mattet as is moſt proper to 
ſlide eafily over the Parts of any other 


Sc#0o r. III. 


Body. 

After what has been prov'd concerning 
motions upon inclimd Planes, we may 
eaſily conceive that the difficulty we meet 
with iti moving 4 Body that tubs againſt 
another, ariſes only from the ruggednefs 
and nffevenneſs of their Siirfaces, and be- 
caufe many of their ſmall Particles have 
Inelinations different from the getieral In- 
clinatiott of the whole Plans; inſomuch 
that fome ate fometimes Perpendicular to 
it. So that when theſe irregular Particles 


Yurfa: 
from 

that 
the P. 
the P 
many 
chine: 
Out to 


Ol 


If a 1 


the motion uflleſs they ate made tö bfeak, a 
ar at leaſt to bend each othet and cin as 
7 85 ſituation: Now this canfiot be whi, 
effected withbut a great deal of Labour; tim 

Mete it follows that to mäke the beſt who 
Wedges; we muſt chooſe ſome kid of 

matter that is very hard; and may be Po- Cp 
liſh'd very ſmooth. ns t 


the co 
ſpiral 
ferenc. 
Half. 

Power 
of this 
For tv 
eighte 


From the preteding Scholium we thay 
is of, which is commonly applied 


each other, in order to facilitate their mo- 


tion. For it is very plain that the Parti- For 
cles of the Oil muſt fill up thoſe cavities inclin' 
and unevenneſſes Which are found in the Inclin: 


Surfaces 
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Surfaces they are applied to, which are freed 


| from a great deal of their roughneſs by 
that means. Add to this, that fome of 


the Particles of thoſe greafy Bodies ſupply 
the Place of little Rollers which cauſe 


many Parts of thofe Surfaces in the Ma- 


chines to move by each other almoſt with- 
out touching. IS | 


Of the SCREW. 


PROP. XXVII. 


It a Power ſuſtains a Weight by means of 
a Screw the Power (ball be ta the Weight 


as the height of the Screw to 4 Line 
which contains iti Circumference ſo many 


times as there are Revolutions in the 
whole height of the Screw. 


 CUppoſe for Inftance that the height of 
the Screw is one Inch, and that in 
the compaſs of that Inch there are twelve 

ſpiral Revolutions; and that the circum- 
ference of the Screw is an Inch and a 


Half. This ſuppos'd, I ſay, that the 
Power which ſuſtains the Weight by means 
of this Screw is to that Weight as 1 to 18. 
For twelve times an Inch and a halt is 
eighteen Inches. © | 


» 


For the Screw is nothing elſe but an 


inclin'd Plane turn'd about a Cylinder. The 


inclination of the Plane is the ſame with 
5 the 
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the Inclination of the Revolution of the 
Screw. The Perpendicular is the Height 
ofthe Screw. The Baſe is the Evolution 


of ſo many times the Circuit of the Screw 


as there are contain'd Revolutions in the 


Whole. The Subſtance therefore of this 


Propotition is the ſame with what has 
been already proved concerning the In- 


clin'd Plane. If therefore a Power, & c. QE. 


CoxOLTLARV I. 


It follows evidently from this Propoſi. 
tion, that, ceteris paribus, the cloſer the 


Revolutions are, ſo much the leſs a Pow- | 


er will be ſufficient in Compariſon of the 


Weight it ſuſtains. For the Height of 


ſuch a Screw is ſo much the leſs in Pro- 


portion to the Line which ariſes from the 


Evolution of the Circuits of that Screw, 
which by being fo much the cloſer are fo 
much the more numerous. ND 


It plainly follows alſo, that the Power 


which raiſes a Weight by the help of a 


Screw, need to have but a very little big- 
ger Ratio ro that Weight, than the Ratio 
of the Height of the Screw to the Line 
which ariſes from the Evolution of all the 


ſpiral Circuits. For the Power which rai- 
: ſes need be but a very little bigger than 


that which only ſuſtains a Weight. 
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ScruoLiumM lL. 


If in Practice we find by Experience 
chat ordinarily a much greater Force is re- 
quird to move a Weight with a Screw 
than barely to ſuſtain that Weight; this 

only proceeds from the Rubbing of the 

Machine. In all things eiſe the foregoing [| 
Reaſoning is very juſt. fr 1 


| 
| 
= 
4 * 


— 
. — we 


Scott. II. 


It is but very rarely that the Screw is 
made uſe of by it ſelf to move or ſuſtain 
any Weight; for it is generally accompa- 
nied with a Female Screw movable about 1 1 
the Male, or in which the Male Screw it ie 
ſelf may turn. The Male with his Female e 
Screw are moſt commonly uſed in preſſing i "mY 
of Bodies together. The ſeveral Mecha- 
nick Profeſſions will furniſh you with an 
infinite Number of Examples, which will 
give you a better Light into the Matter 1136 
3 than all that can be ſaid upon that Sub- _ 
3 ject. For this Reaſon I ſhall hold my ſelf Wl 
3% excus'd from proſecuting this Matter any _ 
A farther, and ſhall leave it to the Reader's | Wit 
5 Sagacity to find out by himſelf what it is 
40 in thoſe Machines that anſwers to the 
. Weight, and what to the Power, that ſo 
he may learn without any Aſſiſtance to ap- 
ply the Reaſoning and Conſequences of 
this laſt Propoſition to particular Caſes. 
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on 
HYDROSTATICKS: 
OR, 


The LAWS of the Gravitation 
of Fun DS. 


PROP. XXIX. 

17 4 gravitating Liquor is 3 
Tube of equal 1 bicknefs perpendicular 
to the Horizon, the Liquor will tend to 
go out at the Bottom with a Torte propor- 


Lion d to the Height wy the EY" the 
Tube. 


e lor, Thickneſs, and perpendicular 
to the orizon; and let us ſuppoſe, that 
having ſtoppd the Opening at B it is in 
5 5 filbd with ſome Ert itatigg 'Liquor. 
ſay, the Liquor ſhall tend to run our at 
Bwith a Force proportion'd to its Height; 
that is, for Example, if all the Space BE 
be fill d, which is triple to the Space BC, 
the Liquor will tend to run out at B with 
à Force triple to that with which it would 
"ad to run our if ir were only fuld up to 
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For it is evident, that the Force with 


which the Liquor contain'd in the Tube 
tends to run out, is proportionable to the 
Gravity of the Liquor: but the Gravity is 
proportionable.to the Quantity of the Li- 
quor, and the Quantity is proportionable 


(by 12 : 14) to the Height of the Liquor 
in the Tube. Wherefore the Force with 
which the Liquor tends to run out;below 
is proportion d to the Height of the Li- 


quor in the Tube. QE. 


CoroLLary I. 


Hence it plainly follows, that if two 
Tubes of equal Thickneſs contain each a 


certain Quantity of the ſame Liquor, the 


Forces with which .thoſe Liquors ſhall 


tend to run out, ſhall be in Proportion to 


their Heights in the Tubes. Conſequent- 


ly if thoſe Heights are equal then the For- 


— 


ces are equal. 


Coxorr. I. 


From this Proportion likewiſe it follows, 


119 


that if two Tubes of equal Thickneſs and 


perpendicular to the Horizon are joined 
to a third of the ſame Thickneſs and pa- 


rallel to the Horizon, by which Means 


they have Communication with each o- 


ther; and if any Liquor be pour'd into one 
of the perpendicular Tubes, it will imme- 
diately diffuſe it ſelf into the other, till it 


comes to ſtand in both at an equal Height. 


3 Thus 
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Thus ſuppoſing the two Tubes AB, CD, 
are of an equal Thickneſs, and perpendi- 
cular to the Horizon, and join'd together 


by a third Tube, BD, of equal Thickneſs 


and parallel to the Horizon, whereby the 
two perpendicular Tubes have Communi- 


"Cation with each other: When we have 


pour'd ſome Water or any other Liquor 


into the Tube AB, it will diffuſe it ſelf 


into the Tube CD, and ſtand at an equal! 


Height in both. So that, for Inſtance, it 


in the one it ſtands at the Height BE, it 
will ſtand in the other at the Height DF. 
For it is evident, that if in either of the 


Tubes, for Inſtance AB, the Liquor hap- 
pens to be higher than in the other Tube, 


it will alſo have more Force to deſcend 
and puſh the Liquor contain'd in the Ho- 


rizontal Tube from B towards D, than 
that contain'd in the other perpendicular 
Tube will have to puſh it back from D 


towards B. That therefore which has the 


greateſt Force to deſcend actually, will 


deſcend and cauſe the Liquor in the other 


Tube to aſcend till they come to be of an 


equal Height in both. 
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PROP. XXX. 


| : Tf a gravitating Liquor ſtands at equal 
Heights in two Tubes perpendicular to 

the Horizon of unequal Thickneſſes, 

the Force by which it will tend to run 

out at the Hole at bottom in the biggeſt 

\ Tube, will be to the Furce by which it 

: | will tend to run out at the Hole at bot- 

5 tom in the leſſer Tube, as the Baſe of 
the bipger Tube to the Baſe of the Leſs. 


ET AB, CD, be two Tubes perpen- Fig. 64. 
dicular to the Horizon ; let AB be = | 


BB thicker than CD : into each of theſe Tubes 
let ſome of the ſame Liquor be pour'd to 
7 the Heights BE, DF. I ſay then, that the 


Force with which the Liquor contain'd 
in the Tube AB will tend to run out at 
the Hole B, ſhall be to the Force 
with which the Liquor contain'd in the 
| Tube CD will tend to run out at D, as the 
Circular Area of the Baſe of the Tube AB 
to the Circular Area of the Baſe of the 
Tube CD. F 
For it is evident, that the Force with 
which the Liquor contain'd in the Tube 
AB will tend to run out, is to the Force 
with which the Liquor contain'd in the 
other Tube CD will tend to run out, as 
the Gravity of the one to the Gravity of 
5 the other. Now the Gravity of the one 
is to the Gravity of the other, as the Quan- 
tity of one is ta the Quantity of the * 5 
* 5 
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And the Quantity of the one is to the 
Quantity of che other (by 12: 11) as the 
Surface of the Baſe of the Tube in which 
it is, Contain'd, to the Surface of the Baſe 
of the other. Therefore the Force by 

which the Liquor tends to run out of one 
of the Tubes, to the Force with which the 
Liquor tends to run out of the other Tube, 


as: the Sunface, or Area, of one, the Baſe of 


one Tube, to the Surface of the Baſe of 
the other. QED. 


CoROLLARY. 
"Je plainly follows from this Propofi Itign, 


that if Tubes perpendicular to the Hori- 
'Zon are of unequal Thickneſſes, and the 


Liquor eontain d in em of unegual Heights, 
the Force with which the Liquor con- 


tain'd in the one will tend to run. out, ſhall 


be to the Force, with which the Liquor 


contain d in the other: ſhall tend to run out 
in a Ratio compounded of the Ratio of the 


rt of one 0 to the Area of the 1400 


5 


to 


be no 
there! 
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to run out of the firſt Tube would be to 
the Force wirh which it would tend to run 
out of the ſecond, in Reaſon. compound- 
ed of a triple and quadruple Reaſon. Phat 
is it would be as twelve to one. 


PROP. XXXI. 
F Tube all of equal Thickneſs be inolinꝰ d 


to the Horizon and fill with ſome gra- 
vitating Liquor; the Abſolate Gravity 


123 


of the Liquor will be to the Relative 


Gravity, that is, to the Force with 


which it tends to run out at the bottom 


of the Tube, as the Length of the Tube 
toſthe Height of the Perpendicular, 


” Uppoſe, for Example, that AB is a 


PFTube every where of equal Thickneſs, 
and inclin'd to the Horizon BC, above 
which it is elevated at one End by the 


Tine AD perpendicular to BC. Let us 


ſuppoſe further, that this Tube is filled 
with a gravitating Liquor tending to run 


out at the Hole underneath mark'd B. I 


ſay then, that the Abſolute Gravity of the 


Fig. 65, ; 


Liquor to:its Relative Gravity, that is, to 


the Force with which it tends to run out 
at the Hole B, is as AB to AD. 


For from the very great Facility with 


which the Parts of the Liquor ſlide 


over one another, we may conſider em as 


of a Spherical Figure, tho in Reality they 
be not ſo. .All the Parts of the Liquor 
therefore .contain'd in the Tube AB, as 


well 
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Fig. 66; 
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well thoſe which reſt upon each other, as 


thoſe which lie along the Tabe, tend to 
deſcend in the ſame manner as the Spheres 


in the 6th Scholium of the 23d Propofitian, 


There will then be the ſame Ratio of the 
Abſolute Gravity 


of the whole Liquor 
contain in the Tube AB, to the particu- 


lar Force by which all that Liquor tends 


to run out at the Opening B, as of the Ab- 


ſolute Gravity of a String of Spheres upon 
an inclin'd Plane, to the particular Force 
with which thoſe Spheres all together 
preſs upon the Plane. Now by what has 
been there demonſtrated, that the Abſo- 
Jute Gravity of a String of Spheres, to the 


Relative Gravity with which they all preſs 


upon the Plane together, is as AB to AD. 


Conſequently, the Abſolute Gravity of 


all the Parts of the Liquor with which the 
Tube AB is fill'd, to the total Force with 


which they tend together to run out at the 


Hole B, is as AB to AD; that is, as the 


Length of the Tube to the Height of the 
Perpendicular. QED. e 
S8cROTLTun. 


Obſerve here, that tho' an inclin'd Tube 
of equal. Thickneſs be but partly fill'd, yet 


it will be always true, that the Abſolute 
Gravity of the Liquor contain'd to the par- 


ticular Force with which it tends to run 


out pnderneath, ſhall ſtill be as the Length 


of the Tube to the perpendicular Height 


of the Top of the Tube. So then, if the 
Tube AB has no Liquor but in the Part 
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BE, the Abſolute Gravity of that Liquor 


to the particular Force with which it tends 
to run out at the Hole B, ſhall be as the 


Length of the Tube AB to the perpendi- 


cular Height AD. For the empty Parc 
AE of the Tube AB has no Effect, it be- 


ing the ſame thing as if the Tube was no 


longer than BE. Now in this Caſe it is 


already prov'd, that the Abſolute Gravity 


of the Liquor BE to the particular Force 


with which it tends to run out at B, will 


be as the Length BE to the perpendicular 
Height EF. But the Triangles EBF and 


ABD being right-angl'd, and having the 


Angle at B common, are (by 1: 22) ſimi- 
lar. Therefore (by 6: 4) as BE is to EF, 
ſo is AB to AD. Wherefore the Ratio of 
the Abſolute Gravity of the Liquor BE to 
the particular Force with which it tends 


to run out at B, will be the ſame as the 


Ratio of the Length of the Tube AB to its 
perpendicular Height AD. - 


___CororLaxr I. . 
Hence it follows, that the Force with 


which a gravitating Liquor tends to run 
out at the lower End of a Tube inclin'd 

to the Horizon and all the way of an 
equal Thickneſs, is equal to the Force 


with which a Liquor of the ſame Kind 
would tend to run out of a Tube all of the 
{ame Thickneſs with the former, but per- 
pendicular to the Horizon, and in which 
the Height of the Liquor was equal to 


the perpendicular Height of the inclin'd 


* 
5 


Tube. 


Suppoſe, 
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Suppoſe, for Inſtance, the two Tubes 
AB, CD, are of an equal "Fhicknefs ; the 


Tube CD perpendicular to the Horizon 
EF, and the Tube AB inclin'd to it. Fer 


the lower End of both theſe Tubes be in 
the Line EF, and the Liquor which they 
contain of the ſame perpendicular Height 
in both, or reaching to the ſame Horizon- 
tal Line GN : The Force with which the 


Liquor BH tends to run out at B, ſhall be 


equal to the Force with which the Liquor 
DG will tend to run out at D. For if the 


Line HI be drawn perpendicular to the 


Horizon, it follows from the preceding 
Scholium, that the Force with which the 
Liquor BH tends to run out at B, is to 


the abſolute Gravity: of the ſame Liquor 


(that is, to the Force with which it would 


tend to run out if the Tube AB were per- 


pendicular to the Horizon) as HI or its 
equal DG is to BH. But by the firſt Co- 


rollary of the twenty-ninth Propoſition, 


the Force with which the Liquor DG 


tends to run out at D, to the Force with 
Which the Liquor BH tends to run out of 
the Tube AB, ſuppoſing it to be perpen- 


dicular to the Horizon, is alſo as DG to 


BH. And therefore the Force with which 


the Liquor BH tends to run out of the 
Hole B in the inclin'd Tube AB, is (by 


5: 11) to the Force with which the ſame 
Liquor would tend to run out of the ſame 
Hole, if the Tube AB were perpendicular 


to the Horizon, as the Force with which 
the Liquor DG tends to run out of the 
Tube CD, is to the Force which the Li- 
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quor BH would have to run out of the 
Tube AB, if it were perpendicular to the 
Horizon. Theſe two Forces therefore 
having the ſame Pfoportion to à third, it 
follows (by 5: 9) that they are equal to 
each other; that is, that the Force with 
which the Liquor BH tetids to ruf one at 
B (the Hole of the inch d Tube AB) is 
equal to the Force with which the Liquor 


DG terids to ruſ out at D. 
Siet th 


Hence therefore we may draw this Con- 


ſequence, That if ſeveräl Tubes of the 


fame Thickneſs and differently inelin'd to 
the Horizon, are fill'd with the ſame Kind 
of Liquor toe the ſame perpendicular 
Height in all of em; then the Force with 
which the Liquor tends to run out at the 


lowermoſt Hole of any one of thoſe Tubes, 


ſhall be equal to the Force with which it 
tends t6 run out at the lowermoft Hole of 


any other of thoſe Tubes. Thus ſuppoſing 


the Tube LM to be of the ſame Thicknefs 
with the Tube AB, but differently inclin'd ; 
let it be filled with the ſame ſore of Li- 


quor, and let the Liquor reach to the ſame 
perpendicular Height: The Force with 


which the * tends to run out of the 
Tube LM, ſhall be equal to the Force 


with which it tends to run out of the Tube 


AB; for each of theſe Forces is equal to 


that with which the like Liquor would 
tend to run out of the Tube CD. : 


CoRoOo1L 1. 
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Laſtly it follows, that if the Liquor were 


alittle higher in any one of theſe Tubes 


than in another, the Force with which it 


would tend to run out of the Tube in which 


it was higheſt, would be ſomething great. 
er than the Force with which it would 
tend to run out of the other ; it being evi- 
dent that the Overplus of Liquor above 
the Level in the Tube that was fill'd high- 
eſt, carries alſo with ir an Increaſe of Gra- 


vitation in the Liquor of the ſame Tube. 


PROP. XXXII. 


If A Syphon or Crane, whoſe Branches 
are of equal Thickneſs, be revers'd or 


turn d upſide-down, the gravitating Li. 
quor contain'd in it will plate it ſelf 
upon a Level, EE 
E Tus ſuppoſe the Syphon ABC, whoſe 

Branches AB, BC, are of an equal 


Thickneſs, to be revers'd, whereby it will, 


appear as in the Figure ; and in that Situ- 


ation let ſome Liquor be poured into it, 


I fay, that the Liquor ſhall place it ſelf in 


the two Branches upon a Level, that is to 


ſay, that the Parts of the Surfaces D and E, 
by which it is terminated, ſhall be found 
in the Line DE parallel to the Horizon. 

For the Syphon ABC 1s in Reality no- 


thing elſe but two Tubes of equal Thick- 
neſs join'd together at the Point B, into 


which ſome gravicating Liquor is pourd 
td an equal perpendicular Height ; 5 
| oOws 


lows tl 
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lows therefore, that the Liquorcontain'd in 
the one has neither more nor the leſs Force 
to deſcend than theLiquor contain'd in the 
other, and that thoſe Liquors puſh each 
other equally, and are therefore mutually 
unable to overcome the Oppoſition. But 
if the Liquor were a little higher in one 


Branch than in the other, it wou'd have 


in that Branch where it was higheſt a 
greater Force to deſcend than in the other, 
as we have Demonſtrated in the 3d Corol- 
lary of the preceding Propoſition. For 


this Reaſon it muſt actually deſcend on 


that ſide, and ſo much of ir paſs into the 
other Branch as is neceſſary to make the 


Liquor in both Branches level. After 
this is done, the Forces to deſcend will be 
equal on each ſide, and ſo the whole muſt. 


remain Level and in Equilibrio. If there- 


fore a Syphon whoſe Branches are of 
equal Thickneſs, be revers'd, the Liquor 
contain'd in it will place itſelf upon a 


Level. QED. 2 | 


Scholiuu. 


Here we may obſerve, that tho' the 
Branches of a Syphon are crooked and 


bent ſeveral Ways, the gravitating Li- 
quor contain' 


it ſelf upon a Level as before; it being 


evident that the ſeveral Inflections that 
may be given to a Tube are always equi- 
valent to ſo many Planes inclined ſeveral 


Ways, 
— PROP. 


d in it will nevertheleſs place 
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If Tube bigger at one End than at the 
other be. plac'd perpendicular to the Ho- 
riæon, the gravitating Liquor contain*d 
in it will have the ſame Force to run 
out at Bottom, as it wou'd have uf the 
Thickneſs of the Tube were all the way 
equal t he Thickneſs of the lower End, 


AR I. 


Irſt of all let ABCD be a Tube bigger 

at Top than at Bottom, plac'd per- 
pendiculhr to the Horizon: I ſay that the 
gravitating Liquor contain'd in it will 


have the ſame Force to run out at the 
lower End BC, as if it were all the Way 


of the ſame Thickneſs that it is at BC. 
For if thro' B and C Lines are drawn 


erpendicular to the Horizon, and con- 


2 Parallel to each other, it plainly 
appears by inſpection that the Column of 
Liquor contain'd between thoſe two Lines 
gravitates indeed upon the Hole BC, but 
on the contrary that all the ſmall Threads 


of Liquor, into which we may conceive it 


to be divided perpendicular to the Hori- 


2on on each ſide of that Column, do not 


in the leaſt gravitate upon the Hole BC, 
but only upon the interiour Surface of the 
Tube; whence it follows that they are 


no more to be regarded in this Caſe than 


if they did not gravitate at all. The whole 
gravitating 
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gravitating Liquor therefore contain'd in 
the Tube ABC O gravitates neither more 
nor leſs, than if it were all the Way of 
a Thickneſs equal to that of the lower 


End. | 
GC4ss N 
Let us ſuppoſe again another Tube as Fig. 10. 


ABC perpendicular to the Horizon; but 


bigger at Bottom than at Top. I ſay, 


that if it be fill d with a gravitating Liquor 


the Force with which it will tend to run 
out at Bottom, will be equal to that with 
which it wou'd tend to run out if the 
Tube were all the Way as thick as it is at 
rr, / ee. 
To demonſtrate this Truth, which at 
firſt View ſeems abſur d and contrary to 
Reaſon, let us imagine firſt a Plane Sur- 
face ſo applied to the Bottom of the Tube 


as to hinder the Liquor from running out. 


Then thro' the Points A and D draw the 
right Lines AE, DF, perpendicular to 
the Horizon, theſe Lines ſhall mark upon 
the plane Surface the Points EF, where 
ſhall be terminated the Diameter of a Co-— 
lumn of Liquor perpendicular to the Ho- 


rizon, whoſe thickneſs ſhall be all the 


way equal to the opening at the Top AD, 
and which, as you plainly ſee, preſſes 
with its whole Weight the Part EF (equal 
to the opening AD) of the Surface BC. 

et us imagine again, that while the Co- 
lumn AEF gravitates upon EF, one Part 
of that Column, as MFEL, ſerves 
only as a Support whereby the A- 
e CKtion 
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&ion of the Column is bent at LM and 
convey'd to the Part GE of the plane Sur- 
face, equal to the Part EF. As is evident 


it will, becauſe if the Space MEGL were 


ſuppoſed void of Liquor, that ſpace wou'd. 
immediately be ſupplied from the remain- 
Part ALMD of the Column AEFG. But the 
Action of the Liquor contain'd between AL. 


Gand DME, is juſt the fame as if it 


were included in an inclin'd Tube. It 


follows therefore by the 1ſt Corollary of 


the 31ſt Propoſition, that the Liquor con- 


tained between ALG and DME preſſes 
the Part GE juſt as much as EF is preſs'd 


6 1 
In like Manner you will eaſily perceive 
that every Part of the Surface BC that is 


equal to EF, is alſo preſs'd by a crooked 


Column of gravitating Liquor, equivalent 
to the Column AEFD. Now juſt thus it 
wou'd be if the Tube were all the Way of 
the ſame Thickneſs as it is at the opening 
BC. Hence therefore it follows that tho' 


the Tube ABCD be larger at Bottom than 
at Top, nevertheleſs the gravitating Li- 
quor with which it is fill'd will tend to 


run out at Bottom with the ſame Force as 
if it were all the Way as thick as it is at 
Bottom. e 


 CoroLLaxrr I. 

From hence we draw this moſt ama- 
zing conſequence, that if a Cask full of 
Water ſtanding upon one Head, had 2 
Tube perpendicular to the Horizon = 

| oh 
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ed to a Hole madein the other Head, the 
length of which Tube contain'd the per- 


pendicular height of the Cask ſeveral 
times, but the thickneſs of which Tube 


was ſo exceeding ſmall that the whole 


might be fill'd with a very little quantiry 


of Water; this ſmall quantity of Water 


VUVou'd multiply as many times the preſſure 


that was at firſt ſuſtain'd by the Bottom or 


lowermoſt Head of the Cask. Thus for 
Inſtance, if the capacity of the Cask con- 


tain'd 560 Pounds of Water, and if there 
were applied to a Hole in the upper Head 


a Tube an hundred times as high as that 
Cask, but ſo very ſlender that one Pound 
of Water only wou'd be enough to fill at, 
that one Pound acting joyntly with «he 
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other 56 wou'd cauſe the lower head of 


the Cask to be preſs'd with a Gravitation 
equal to 56000. For by the joyning the 
Tube to the Cask the Communication of 


the Water in both, the whole is nothing 


elſe in Effect but a Tube a great deal big- 
ger below than above. | FF 


Co ol. II. 


Hence likewiſe we infer, that if a very 


lender Pipe ſhould open into a certain 
Veſſel, which Veſſel was fo framed that 


by the Alteration of its Figure, the capa- 


city of its Cavity might be conſiderably 
augmented, a ſmall Thread of Liquor 
flowing with any degree of Velocity thro' 
that Pipe into the Cavity of the Veſſel, 
ſhall oblige ic to change its Figure into 

| - OH the 
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the moſt capacious, and that with a Force than 
equal to that which another Quantity of theſe 
the ſame Liquor wou'd have, that was the! 
large enough to fill a Pipe whole thickneſs perp 
was equal to that of the Veſſel in its largeſt pour 
Capacity, and which moreover movd MW Fran 
with the ſame degree of Velocity as that the 
Fig. 71. ſmall thread of Liquor did. For example, on a 


let the Pipe AB, which is very ſlender, o- 
pen into a Veſſel as BODE, which is ſo 
form'd that its Cavity may be conſiderably 

augmented by changing that very oblong 
Figure which it now has into the rectan- mont 
gled Figure BCFG : The ſmall Thread of that 
Liquor flowing with a certain Degree run 

of Velocity thro' the Pipe AB into the 
Cavity BCDE ſhall force the Veſſel to 

change its former Figure into PCFG, 

which (as follows from 6: 1.) is the moſt 

capacious that it can receive, with a Force | 
equal to that which another Column of her 
the ſame Liquor wou'd have, that ſhould wh 
move with the ſame Degree of Velocity 
as the little thread of Liquor had and 
ſhould be as thick as the largeſt Cavity the 
Veſſel is capable of, that is, as the 
Figure BCF. | 


If a Syphon having its Branches of an 
pat. Thickneſs be revers'd, the gra- 
| vitating Liquor contain d in it fhaii upon 
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than the other. I ſay then, that whether 


theſe two Branches are both inclin'd to 


the Horizon, or whether one of them be 
perpendicular to it; if ſome: Liquor be 
poured in at the- Hole A of the biggeſt 
Branch till it riſes up to D, the Liquor in 
the other Branch BC ſhall place it elf up- 
on a Level, that is to ſay, it ſhall rife to E 


in the fame Line DE parallel to the Ho- 


rizon. 5 ZR ; | * | þ . 
For whatſoever the inequality” of the 


_ thicknels of the Tubes be, it has been De- 
monſtrated in the preceding Propoſition 


that the Liquor contain'd in em trends to 
run out with the fame Force as it wou'd do 
if th ey were all the Way as thick as they 
are at Bottom. Whatſoever, therefore the 


Inequality of che Thickneſs of the Bran- 


ches of the D be, yet they are Tubes 
however of 


which they Communicate with each other. 
It follow s therefore that Syphons with un- 
equal Branches are to be conſider'd as if 


their Branches were equal, and that the 


gravitating Liquor will place iv ſelf after 
the ſame Manner in the one ſort as in 
the other. Now it has been prov'd in the 
32d Propoſition,” that a gravitating. Liquor 
contain'd in a Syphon that has Branches 
of an equal Thickneſs, ſhall place it ſelf 


upon a Level. Therefore alſo, it ſhall 
place it ſelf upon a Level, in a Syphon 


whoſe Branches are of an unequal Thick- 
S Fi 3 


ET Schorr 


equal Thickneſs at Bottom, 
where they have one common Hole by 
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| DIE! * 


Ein ee ni ie HET 1-4 on $4 
It muſt not be imagin'd that what has 


been here prov'd is 'repugnant to the Ex- 
periments which we made ſome Years 


ago; ſhewing that in a Syphon of Glaſs 
one of whoſe Branches was pretty thick, 
and the other ſo very, ſlender that the 


Hole was no bigger than a very fine 


Thread, che Water will not place it ſelf 


upon a Level, but will: riſe: conſiderably 


higher in the ſlender Branch than in the 
thick one. For as to what we have now 
been proving we have conſiderd only 


theſe two Properties of Fluids, viz. their 


Gravity and the Facility of ſeparating 
their Parts, whereas this Inequality of aſ- 
cending (which no Body had obſerv'd be- 
fore) depends moreover upon a particular 
Motion of the Parts of thoſe Fluids, as 
you will ſee Demonſtrated in the firſt Part 
of our Treatiſe of Phyſicks, Chap. 22. 
A ee s 
For ibo true Cauſe of this ſurprixing Phæno- 
menon ponterning the unequal aſcent of Liquor 
zn Large, and in very ſanall Tubes, ſee Dr. 
Clarks Annotations «pon - the Article bere 
quoted, in bis Latin Tranſlation of Rohault's 
a Phyſicks. ore . if n 
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ADDENDA-: 
Proy. X. Scnor. VI. 


To theſe frve Remarks of our Author, we 
may ſubjoyn this farther Obſervation. 


5 H O' in the Figures of the 

10 crooked Lever the Angle ACB 
1 e is repreſented as a right An- 
aA gle, yet is that by no means 


neceſſary, provided only the 
Angles EBC and DAC are right, and 
therefore in a Lever (as in Fig. the 73.) 
where C is the fix'd Point, D the Weight 
whoſe Line of Direction AD is perpendi- 
cular to the Part of the Lever AC; and 
E the Power whoſe Line of Direction BE 
is applied at right Angles to the Part of 
the Lever BC; the Power ſhall ſtill be to 
the Weight as AC to BC. 


. Scnor., VII. 


We may obſerve farther, That if the Power 
be apply'd to the Lever at oblique Angles, then 
the Ratio of the Power to the Weight that it 
ſuſtains, ſhall be compounded of the Ratio of 
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the Diſtance of the Weight to the Diſtance of 
the Power, and the Ratio of ſine of Appli- 
cation to Radius. E 

In order to prove this we will ſuppoſe 


at preſent the Truth of what we ſhall De- 


momſtrate in our Scholium upon the Au- 


thors firſt Corollary of the 26th Propoſi- 


tion. viz. That the Force of a Power 
obliquely apply'd to any Machine, is to 
the ſame Force apply'd at right Angles in 
the ſame Point of the ſame Machine, as 
the fine of the Angle of Application to 
the Radius, This being ſuppos'd, I fay, that 
the Ratio of the Power apply'd to a Lever 


_ obliquely to the Weight ſuſtain'd by that 


Power is Compounded of the Ratio of the 


oblique Power ro the perpendicular Pow- 


er, and the Ratio of the perpendicular 


Power to the Weight, but the Ratio of 
che oblique Power to the perpendicular 


Power is the ſame as the Ratio of the 


ſine of the Angle of Application to 


Radins ; and the Ratio of the perpendicular 
Power to the Weight is by this roth Pro- 
poſition, the fame as the Ratio of the 
Diſtance of the Weight to the Diſtance 


of the Power. Therefore the Ratio of a 


Power obliquely apply d to a Lever, to 


the Weight ſuſtain d by that Power is 


compounded. &. ” 
5 When the Line | of Direction of the | 


Power is parallel, neither to the Horizon, 
nor the Hypothenuſe, then the Ratio of 


the 
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| the Power to the Weight it ſuſtains ſhall 
be compounded of the Ratio of the Per- 
pendicular to the Hypothenuſe, and the 


Ratio of Radius to the Sine of the 


Complement of the Angle which the 
Line of Direction makes with the Hypo- 


thenuſe. And here the Line of Dire- 


ction ſhall meet with the Hypothenuſe 


either above or below the Point of Contact. 


Cas E I. 

When the Line of Direction meets 
with the Hypothenuſe above the Point 
of Contact, let FGH be the right-angl'd 
Triangle as before, having its Baſe GH 

arallel to the Horizon, and along its 


Fig. 74. 


ypothenuſe a Plane inclin'd according 


to the Angle FHG. Let ABCD be a 
Pr fa ſuſtain d from rolling towards H 


Weight touching the Plane in the Point 


a Power with the Line of Direction 


er to the Weight ſhall be compounded of 


4} „ making with the Hypothenuſe the 
Angle Ef H. I ſay, the Ratio of the Pow- 


the Ratia of FG to GH, and the Ratio of the 


Radius to the Sine of the Complement of 


the Angle EfH, which the Line of Dire- 
rection makes with the Hypothenuſe. 


Io prove this: From f, let fall fg per- 


pendicular to GH, and conſequently pa- 


rallel to FG: From D draw the Lines 


DL, perpendicular to fCEA and DI, pa- 
rallel to GH: From E let fall EIq per- 


pendicular to DI, and conſequently pa- 
rallel to fg and FG ; Continue f A till it 


meets with GH, continu d to e 
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H draw HS, perpendicular to fx, and 


therefore parallel to LD. 


This done, by an Argument of the 
ſame Nature with that made uſe of in 


the 22d and 23d Propoſitions, it will be 


evident, that the Power will be to the 
Weight, as DI to DL. Farther, it has 


been prov'd in the 22d Propoſition, that 
the Triangle DIE is ſimilar to FGX, and 
therefore it will be ſimilar (by 6 : 2 and 
5) to the Triangle fgH. Moreover, 
ſince in the Triangles ELD and HSF, the 


Angles at S and L are both right; and 
fince the Angles at D and f are equal, the 
Angle at D being (by 3: 18) the Com- 
plement of the Angle FDL to a Right 
Angle, as is alſo (by f: 32) the Angle 
at f; it follows, that the Triangles ELD 
and HGF are ſimilar. Therefore (as it 


follows from 6: 20) the Polygone ELDI 
is ſimilar to the Polygone HSfg. Where- 
fore as DI to DL, fo is fg to fS. Con- 


ſequently the Power is to the Weight, as 
fg rofS. But now fg to fS is compound- 
ed of fgtofH, andfHrofS. But fg to 
fH is the ſame Ratio as FG the Perpendi- 


_ cular, to FH the Hypothenuſe ; and f H 
to fs is the ſame Ratio as that of the Radius 


to the Sine of the Angle FHS; which is 
the Complement of HtfS, 


which the Line of Direction makes with 
the Hypothenuſe. The Ratio therefore 
of the Power to the Weight is compound. 
ed of the Ratio of the Perpendicular to 
the Hypothenuſe, and the Ratio of the 
Radius of 2 Circle to the Sine Comple- 
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ment of the Angle that the Line of Dire- 


Rion makes with the Hypothenuſe. 


Cass II. 


If the Line of the Power's Direction Hg. 75. 


meets with the Hypothenuſe below the 
Point of Contact, Dſtill the Ratio of the 
Power to the Weight is compounded of the 
Ratio of the Perpendicular to the Hypothe- 


nuſe, and the Ratio of the Radius to the Sine 


Complement of the Angle contain'd be- 
tween the Hypothenuſe and the Line of 
Direction. 1 | 
Let the Line of the Power's Direction 
PE, paſſing thro the Center of the Weight 
E, and being produc'd, meet the Hypo- 


thenuſe FG in the Point f; draw DL per- 
pendicular to Pf, and DI perpendicular to 
EM, which is parallel to FH, as before; 


draw Fl, making the Angle IFf equal 
to FfP ; and laſtly, let fall fL perpendicu- 
lar to Fl. This done, I ſay, the Ratio of 
the Power to the Weight ſhall be com- 


pounded of the Ratio of FH to FG, and 


the Ratio of the Radius to the Sine Comple- 
ment of the Angle EfF, which the Line 
of Direction EF makes with the Hypothe- 
nuſe GfF. For arguing as before, the Ra- 
tio of the Power to the Weight ſhall be as 
in the crooked Lever IDL, the ſame as the 
Ratio of ID to LD. Now in the Triangles 


DEI and FGH, the Angles at I and H be- 
ing both right, and the Angle at D being 


equal to the Angle at F (becauſe the Com- 
plement IDG of the Angle at D is equal 
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Ff to Pl. 
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(by x : 29) to the Alternate Angle FGH, 
which is alſo (by 1: 32) the Complement 


of the Angle at F) it follows, that the Tri- 
angle DEI is ſimilar to the Triangle FGH, 
and conſequently (ſuppoſing f h parallel to 


GH) to the Triangle Ffh. Again, in the 


Triangles EDL and f Fl, the Angles at ! 


and L being both right, and the Angle at 


E being equal to the Angle at f, becauſe 
(by 1: 32) they are each of em the Com- 
plement of the Angle Df E: It follows, 
chat the Triangle EDL is ſimilar to the 
Triangle f Fl. Therefore (by 6: 4) as DI 
to DE, ſo is Fh to Ff, and as DE to DL; 


tities, 5 
DI, DE, and DL; 
Fh, Ff, and Fl; 


Which are by two and two in orderly Pro- 


portion; therefore (by 5: 22) they will 


alſo be in the Proportion of Equality, as 


DI to DL, ſo Fh to Fl. But the Ratio of 


the Power to the Weight is as DI to DL; 


therefore as Fh to Fl, ſo is the Power to 
the Weight. 


nuſe FG. And as Ff to Fl, fo is the Radius 


to the Sine of the Angle Fl, which is the 
Complement of the Angle If equal to the 


Angle Ffp, the Angle which the Line of 
Direction makes with the Hypothenuſe. 
Therefore the Ratio.of the Power to the 


Weight is compounded, &c. 


8 C N 0 1. 


Here are therefore ſix Quan- 


: Now the Ratio of Fh to Fl is 

compounded of the Ratio of Fh to Ff, and 
the Ratio of Ff to Fl. But as Fh to Ff, fo 

is the Perpendicular FH to the Hypothe- | 


Tf « 
ſider'd 
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with t 
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Senor. X. 


Draw MN parallel to HG. Then if the , 75 
Line of Direction be EM, parallel to the * 
Perpendicular FH, then the Line Fl, which | 

is ſuppos'd to be drawn from the Point F 4 
parallel to the Line of Direction, ſhall fall 1 
exactly upon the Line MFN. Wherefore ö 
the Ratio of the Power to the Weight ſhall 
be compounded, in this Caſe of the Ratio 
of FN to FM, and FM to FN ; that is, 
the Power ſhall be exactly equal to the 


1 Weight. | 
n Scnor. XI. 1 
If the Line of Direction, as DB con- 
ſider'd as tending. from D to B, be 
perpendicular to, or make a right Angle 
5 with the Hypothenuſe FG, then will the 
1 Complement of that Angle vaniſh, or be- 
3 come equal to nothing, the Point f (as 
of may be ſeen in Fig. 76) falling upon the 
5 Point D, and the Point l upon the Point 
0 F, the Line Fl vaniſhing alſo. Whence 
is it follows, that the Ratio of the Power to 
ad: the Weight ſhall be compounded of the 
ſo Ratio s of FN to FD, and FD to Fl, that is, 
le- to nothing; wherefore the Power ſhall be 
s. to the Weight, as FN to O. Which only 
he ſhews, that it is not poſſible for any Weight 
he to be ſuſtain'd by a Power in that Directi- 
of on upon an inclin'd Plane. For by the 
ſe. 26th Propoſition, the Abſolute Gravity of 
he 2 Weight to its Relative Gravity upon an 


inclin'd Plane, is as the Hypothenuſe * 
ki 5 the 
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the Baſe. If therefore the Power in the 
Direction DB be to the Weight as DN to 
DF, then indeed the Preſſure of the Weight 
upon the Point D ſhall be quite deſtroy'd, 
but ſtill the Center E ſhall gravitate to- 


wards M, according to the Remainder of 
its abſolute Gravity C. For that there will 


be ſome part remaining is evident, becauſe 


Hf. 75. 


(by 1: 19) the Hypothenuſe is longer than 


the Baſe Q, which will cauſe it to ſlide on 
towards G. But if the Ratio of the Power 
to the Weight be leſs than that of DN to 


DF, the Weight will then ſo much the ra. 


ther deſcend towards G, becauſe there will 
be remaining à greater part of the abſo- 


lute Gravity than before. But if the Ratio 
of the Power to the Weight be greater 
than that of DN to DF, then will the 


Preſſure of the Weight upon the Plane be 
overcome, and conſequently the Weight 


will be drawn away from the Plane by 
| ſuch a Power, and move for the future in 


a Direction different from that of the Line 


FG. But if the Power be in the Line of 


Direction BD tending towards D, then it 
is evident, that be the Power never ſo lit- 
tle, or never ſo great, the Weight ſhall 
roll towards G ; for in that Caſe the Line 


EL falling upon the Line ED, the Line 


DL vaniſhes. So the Power that ſuſtains 
the Weight muſt be to the Weight as DI 


to Nothing; that is, it muſt be infinitel 


greater than the Weight, which is as muc 


as to ſay, that no Power can ſuſtain it, or 
keep it from deſcending upon the Plane, it 


being very clear that no Force how great 
ſoever | 


A Treatiſe of Mechanicks. 145 
ſoever tending towards the fix'd Point D 
can have any Influence or Effe& upon the 


weight conceiv'd as at I, which only tends 
to move about that Point D as a Center. 


Sol. XII. 


If the Line of Direction of the Power Ez. 77. 
be fE, the Angle fED being equal to 
DEM, then will alſo the Power be equal 
to the Weight, let fh be perpendicular 

Ito GH and Gl to Fl. We have already 
1 prov'd in Scholium 9, that the Power is 
to the Weight, as fh to fl. It remains 
now therefore to be proved, that in this 
Caſe fh is equal to fl. : 
In the Triangles MED and fGh the 
Angles at D and h being both right, and 
| becauſe of the Parallels fh and EM, the 
Angle at M being equal (by 1: 29) to the 
Angle at f, therefore the Triangle MED 
is ſimilar (by 1: 32) to the Triangle fGh. 
But the Triangle MED is alſo ſimilar to 
the Triangle fED, the Angles at D being 
right, and the Angles at E being equal. 
Therefore the Triangle FED is ſimilar to 
Gh. Further the Triangle fED is ſimilar 
to the Triangle fgl, the Angles at D and 
| being right and the Angle at f common 
to both the Triangles. Therefore the 
Triangle fgl is ſimilar to the Triangle 
Gh, and becauſe the ſide fG is com- 
mon to both the Triangles, therefore 
(by 1; 26) fh is equal to fl. ED. 
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If the Line of Direction meets with the 
Hypothenuſe in any Point between f and 
M, (except the Point D only, in which 
Caſe it is impoſſible for the Weight to be 
ſuſtain'd upon the Plane) the Power ſhall 
be greater than the Weight, and that ſo 


much greater, as the Point of Concourſe 


is nearer to D on either ſide. But if the 


Line of the Powers Direction meets with 


the Hypothenuſe between F and f, or be- 


tween G and M, then the Power ſhall be 


leſs than the Weight, and that ſo much 


the leſs, as the Point of Concourſe is far- 


ther from f or M. All this is evident, be- 


cauſe as the Ratio of the Power to the 


Weight is compounded of two other, ſo 


the firſt compounding Ratio, viz. the Ratio 


of the Perpendicular to the Hypothenuſe, 


is conſtantly the ſame in all Inclinations 


of the Line of Dire&ion to the Hypothe- 


nuſe. But the ſecond compounding Ratio, 
vViz,, that of Radius to the Sine-Comple- 
ment of the Angle contain d between the 
Hypothenuſe and the Line of the Power's 


Direction, always increaſes, as the Point 


of Concourſe is taken nearer to the Point 
D, becauſe the Complement of the ſaid | 
Angle thereby decreaſes. And ſince we 


have prov'd, that at the Points f and M, 


the compounded Ratio is a Ratio of Equali- 
ty; it follows, that if the Point of Concourſe 


be taken between f and E, or between G 
and M, one Ratio continuing the ſame and 


the other decreaſing, the compounded Ra- 
| tio 
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tio ſhall be E/ than a Ratio of Equality; 
that is (by 5: 10) the Power ſhall be leſs 
than the Weight. But if the Point of Con- 
courſe be taken any where between f and 
M, except at D, then one Ratio continu- 
ing the ſame and the other increaſing, the 
compounded Ratio ſhall be greater than 2 
Ratio of Equality; that is (by 5: 10) the 
Power ſhall be greater than the Weight. 


Prov. XXVI, after Coxor. I. 


Senoubl un. 
This laſt Corollary may alſo be adapted 


to the comparing the Force of any Power 
apply'd to a Lever at right Angles to the 
Force of the ſame Power apply'd ob- 


T 1 
For let AB be a Lever with the Weight 


= at one End, at the other End B; let a 
certain Power be apply'd firſt at right An- Fig. 2. 


gles in the Direction BD, and afterwards 


obliquely in the Direction BE, the Power 


at Right Angles may be conſider'd as the 
Effect of the moving Sphere, mention'd in 
the preceding Corollary, ſtriking with its 


whole Force upon the Point B of the Line 


AB: So likewiſe the Power obliquely ap- 


ply'd may be confider'd as the Effect of the 


ame moving Sphere ſtriking obliquely 
upon the ſame Point B, and making the 


Angle of Inclination equal to CBE, the 
Angle of Application. Now ſince the 
Effect will be proportion'd to the Cauſe, 
and ſince it is demonſtrated in the prece- 

ding Corollary, that the whole Force of 
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Proportion of an oblique Power to the 


in the Sequel of this Treatiſe ; from which 


may be reduced to the Lever. 


any Difficulty be accommodated to the 
Wedge in any Line of Direction not paral- 


that Plane which is conſidered as parallel 


ſon compound of the Ratio of the. perpen- 


of Treatiſe of Mechanicks. 


the moving Sphere to the particular Force 
with which it ſtrikes obliquely upon any 
Point, is as Radius to the Sine of the An- 
gle of Inclination: It follows therefore, 
that the Force. of a Power apply'd to a 
Machine at Right Angles is to the ſame 
Sa obliquely apply'd, as Radius to the 
dine of Application. b 
So likewiſe in any other Machines the 


Weight it ſuſtains, ſhall be found by com- 
pounding the Proportion exprefling the 
Ratio of the. perpendicular Power to the 
Weight, according to the Nature of the 
Machine, with the Ratio of the Sine of 
Application to Radius, as will be evident 


it will appear, that all Mechanick Powers 


Pao. XXVII. Scnor. V. 
What we have demonſtrated concerning 


the Inclin'd Plane in our ꝗth Scholium 
upon the 23d Propoſition, may without 


edge, when the Power is applied to the 
lel to the Horizon, or to the Profile of 


to the Horizon. , a 5 
For in this Caſe the Power ſhall be to 
the Weight or Force of Reſiſtance, in Rea- 


dicular Height of the Wedge, to the Pro- 
file of either of the Planes which form. the 
dividing Angle ; and the Ratio of Radius, 
W | 55 


JE Ww SS” * * 
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| to the Sine of the other Angle of the Wedge, 
| adjacent to the Profile of the ſame Plain. 
| _____ Thus letFGH be the rectangular Section 
or Profile of a Wedge, to whoſe Plain FG 
a Power is applied in a Line of Direction 
parallel to FP. From the Point F draw 
Fg perpendicular to FP, till it meets with Fig. 78. 
HG continued in g. And now let FHg 
be conſider'd as the Profile of the Wedge, 
to whoſe Plane the Power FG is applied 
at right Angles. I ſay, the Ratio of the 
Power to the Weight ſhall be compoynd- 
ed of the Ratio of FG, the perpendicular 
Height of the Wedge, to the Profile of 
either of the Planes which form the Angle 
FHg, (for Example, to HF ;) and the Ra- 
tio of Radius to the Sine of the other adja- 
cent Angle HFg. From H let fall HL, 
perpendicular to PF. From the gth Scho- 
lium of the 22d Propoſition it is evident, 
that the Power ſhall be to the Weight or 
Force of Reſiſtance, as FG to EL; that is, 
in a Ratio compounded of FG to FH, and 
of Radius to the Sine of the Angle FHL. 
But LH and FG being parallel, the Angle 
FH L (by 1: 29) ſhall be equal to its oppo- 
ſite alternate Angle HFg. Thereſore the 
Rat io of the Power to the Weight or Force 
of Reſiſtance is compounded of FG to FH, 
and Radius to the Sine of gFH. 


Paoe, XXXIII. Cosor. II. 
"SC ne 


The preceding Corollary ſeems to be 
intended to give us an Idea of Muſcular 
L z Motion, 
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Motion, and to ſhew us after what man- 
ner it may be perform'd with a ſmall Ad- 
dition of Animal Spirits convey'd into the 


Muſcle by the Nerve. In the Figure, AB 


repreſents a Nerve; BCDE a Muſcle in 
its natural Situation; and the Change of 


the Rhomboid BCDE into the Rectangle 


BCF repreſents the Action of the Muſ- 
cle, occaſion'd by the flowing of the Ani- 


mal Spirits into it thro' the Nerve AB. 


Now it is evident from the foregoing Co- 
rollary, that a imall Quantity of Animal 


Spirits flowing thro' the Nerve AB into 
BCDE, ſhall be as effectual to make the 
Muſcle act, and keep it extended, as a 
greater Quantity would, coming with a 


Force equal to that of the former, thro a 


Tube whoſe Diameter was equal to BG. 
 Proe, XX XIV. Scnor. II. 


Ib Na and Eg of the Quick 
filver in the Weather-Glaſs ex- 
plained and accounted for. 


YNROM what has been demonſtrated in 
theſe Propoſitions concerning Hydro- 


ſtaticks, we may account for the ſuſpending, 
riſing and falling of the Quick- ſilver in the 


Barometer, or Weather: Glaſs. 


The Barometer is nothing but a Tube 


of Glaſs about a Yard long, open at one 


End, at the other ſeald  Hermetically, as 


** 


they call it, that js, perfectly clos d by a 


Continu- 


JJ +:- 
1. That the Atmoſphere, or Air, that 
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"Continuation of the Sides of the Tube. 


This Tube muſt be fill'd with Quick-filver, 


and plac'd perpendicularly, the ſeald End 


uppermoſt, and the open End ſo near to 
the Bottom of ſome Veſſel ſet underneath 


it, that the lower End of the Tube may 
be immerg'd below the Surface of ſome 
other Quick-ſilver which muſt be put into 
the Veſſel for that Purpoſe. This done, 
theſe three Things will follow:  _ 


1. The Quick-filver will remain ſuſ- 
pended in the Tube to a certain Height, 
ſomewhere between 28 and 30 Inches. 


2. In rainy Weather the Quick-filver 


„ will deſcend towards 28 Inches, or there- 


abouts. 


3. In fair Weather the Quick-ſilver will 


aſcend towards 30 Inches or thereabouts, 
To account for this, we muſt obſerve 


ſurrounds the Earth gravitates with a cer- 


tain Force, according to the Quantity of 
Matter it contains, upon every thing that 

is in it. It is this very Gravity of the Air 

that raiſes the Water in a Pump, by forcing 
it into the Pipe which is freed from that 
Gravity by being emptied of Air upon the 
Motion of the Sucker. And it is found 
by Experience, that the Force of this Gra- 
vity is equivalent to no more than Fl Foot, 
or 420 Inches in Height at moſt. 


will the Greatneſs or Smallneſs of the Dia- 
meter make any Alteration by Coroll. r, 


Prop. 33. | 
* . 


Nor 


2. That 
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2. That the Air in rainy Weather is light 
and thin, which indeed is the Cauſe of 


Rain. For the Air being light (ſays 
** Dr. Halley, Miſc. Curioſ. Vol. 1.) the Va- 


urs are no longer ſupported thereby, 
eing become ſpecifically heavier than 
the Medium wherein they ſwim ; fo 


and in their Fall meeting with other 
* gether, and form little Drops of Rain. 


3. That in fair Weather the Air is hea- 
vy and condens'd, which keeps the Va- 


pours a- float, and hinders em from ſubſi- 


ding towards the Earth. And 


4. That Quick-filver is about fourteen. 


times heavier than the like Quantity of 
Water. 8 . fl 


Theſe Things ſuppos'd, it follows in the 
firſt Place (from the firſt Corollary of 


Prop. 33.) that the Quick-filver in the 
Tube preſſes the whole Bottom of the 
Veſſel according to the Height of the 


Quick. ſilver in the Tube; and that the 


whole Bottom of the Veſſel is alſo preſſed 
again by the Weight of the Air incumbent 
upon the Surface of the Quick-filver in the 
Veſſel. Now if the Force with which the 


 Quick-filyer in the Tube tends towards the 
Bottom, be greater than the Force with 
which the Surface of the Quick-filver in 
the Veſſel tends towards the Bottom, then 
the Quick-filver in the Tube ſhall overcome 


the rival Force, and actually deſcend b 


flowing out of the Tube into the Veſſel. 


But it is evident, that the Weight of the 


Qu ick- | 


that they deſcend towards the Earth, 


aqueous Particles, they incorporate to- 
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Quick-ſilver in the Tube is at firſt equiva- 
lent (by our fourth Obſervation) to the 
Weight of fourteen times 36 Inches (or 


Fo Inches in Height of Water. But the 


Gravity of the Air, by our firſt Obſerva- 


tion, can ſuſtain but 420 Inches Height of 


Water. The Quick-ſilver in the Tube 


therefore muſt deſcend at leaſt till it comes 
to 39 Inches, (becauſe 3o times 14 is 420) 
an 


leave ſix Inches towards the Top per- 
fectly void both of Air and Quick-ſilver. 


Thus it will be when the Air is condens'd 
in fair Weather: But in rainy Weather, 


by our ſecond Obſervation, the Gravit 


of the Air is diminiſh'd, which will cauſe 


a proportionable Quantity more of the 


Quick-ſilver in the Tube to flow out into 
the Veſſel; and ſo it will deſcend towards 


28 Inches, which is obſerv'd to anſwer to 


the greateſt Levity of the Atmoſphere. 
Again, when the Weather clears up, and 
the Air grows heavier, then the Preſſure 
of the Surface ſhall become equal to that 


of 420 Inches of Water, as before : But the 


Quick: ſilver in the Tube being now fallen 
below zo Inches, therefore (by the 29th 


Propoſition) its Force to deſcend ſhall be 
leſs than that of 420 Inches of Water. The 
Surface therefore of the Quick-filver in the 


Veſſel, having the greateſt Force, ſhall 


actually deſcend ; which it cannot do 
without cauſing the Quick-ſilver in the 


Tube to aſcend towards 30 Inches (an- 
ſwerable to the greateſt Condenſation of 
the Air) by forcing into it ſome of that 
Which was in the Veſſel. Thus does the 
5 Height 
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ration. 
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Height of the Quick-ſilver in the Tube 


foretell the Alteration of Weather, becauſe 


it ſhews us the proportionable Gravity of 
the Air, which is the Cauſe of that Alte- 


* 


Three things farther there are which 
deſerve to be remark'd upon this Subject. 
The firſt is, That if the Veſſel under the 
Tube be ſo exactly cover'd, that the Air 
contain'd within it has no manner of Com- 


munication with the external Air, then 


the Quick: ſilver ſhall indeed remain ſuſ- 


pended in the Tube at ſuch a Height as 


anſwers to the preſent Temper of the Air, 


but it ſhall ſtand conſtantly at that Height 


without any Variation upon Change of 


Weather. That it will remain ſuſpended 
will be evident, if we conſider that the 
fame Cover of the Veſſel by which the 


Gravity of the incumbent Air is inter- 
cepted, ſerves alſo to preſerve the incloſed 
Air in the ſame Condition it was in be- 
fore the Veſſel was cover'd. For it is cer- 
rain, that as before the Veſſel was cover'd, 
the Air in the Veſſel was preſs'd by the in- 
cumbent Air to a certain Degree accor- 
ding to the preſent Temper of its Gravity, 
fo the incumbent Air was alſo preſs'd in 


the ſame Degree by the Reaction or Re- 


ſiſtance of the Air in the Veſſel. But it 


ts very plain, that with whatſoever Force 
the Air in the Veſſel did at firſt preſs the 
external incumbent Air, with the very 
ſame Force it afterwards preſſes the inſide 
of the Cover, which hinders its expanding 
and dilating as effectually as the Gravita- 

tion 
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tion of the Atmoſphere did before. Now 
with whatſoever Force the included Air 
preſſes the inſide of the Cover, with the 
ſame Force the inſide of the Cover preſſes 


the included Air. It follows therefore, 
that the Surface of the Quick-filver is 
preſſed after it is cover'd, by the ſame 
Force that it was before, and conſequent- 


ly ſhall produce exactly the ſame Effect, 


as to the ſuſpending the Quick-filver in 
the Tube, which cannot poſſibly deſcend 


without thruſting the impriſon'd Air into 


a leſs Compaſs, and ſo increaſing its Pref. 


| ſure upon the Surface of the Quick-filver 
in the Veſſel, and at the ſame time dimi- 


niſhing both the Quantity and the Preſſure 


of the Quick-ſilver in the Tube, which 
muſt cauſe it to aſcend again to its former 
Height. ue Fi 


And that it will conſtantly ſtand at that 


Height notwithſtanding any Alteration of 


Weather, is evident, becauſe all manner of 


Communication is ſuppos'd to be cut off 


between the included and the external 


Air, whereby the former is kept from par- 
taking of thoſe Changes and Alterations 


which happen to the latter. 


Another thing to be obſerved is, That 


tho” the Veſſel be cover d, yet if by means 
of ſome Hole or Crevice, tho' never ſo 


ſmall, a free Communication is preſerv'd 


between the external Air and the Air in 


the Veſſel, then the Quick-filver in the 
Tube ſhall not only remain ſuſpended, but 


ſhall alſo riſe and fall as the Weather 
changes, as regularly as if the Veſſel mens 
=. mW eft 
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more concerning it. 


Part in the Perpendicular. 
Nance, If in rainy Weather the Quick-filver 
in the perpendicular Tube AB falls from 
a to b, at the ſame time in the inclin'd 
Tube CD it ſhall fall from c to d. Upon 
this Principle a Weather Glaſs may be 
fram'd, which ſhall ſignifie the ſmalleſt 


3 
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left quite open. This ſo plainly follows 
from the 33d Propoſition and its firſt Co- 


rollary, that we need not ſay any thing 


But the laſt thing to be remark'd 1s this, 


That ſince the Preſſure of Liquor (by Prop. 
| 3 . Corol. 1.) is equal at the ſame perpen- 


cular Height in an inclin'd Tube and in 
a perpendicular Tube, therefore it follows, 
that if inſtead of placing the Weather- glaſs 
perpendicular, as we have hitherto ſup- 
pos d, it ſhould be ſet inclined to the Ho- 
rizon, the ſuſpended Quick-filver will take 
up 2 greater Length in the inclin'd Tube 
than in the perpendicular one, as the Hy- 
pothenuſe is always longer than the per- 
pendicular ; and the Difference of Height 
upon Change of Weather will alſo be ſo 
much the greater, as any Part of the Hy. 
pothenuſe is greater than its proportional 
Thus for In- 


Alterations in the Weather, by an Altera- 


tion in its Height as large and ſenſible as . 
we pleaſe. For by lengthening the Tube 
Cd, and leſſening the Angle CDB, the 
Part in the inclind Tube aſwering to ab 


in the perpendicular Tube, may be aug · 


mented as much as one pleaſes. 
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THE 


PROPOSITIONS 
EU c + 1D 


Referr'd to in the 


: Foregoing TREATISE. 


BOOK X 
Prop. 4. 


F two Triangles have two Sides 8 each 

to the other reſpectively, and the Angles 
alſo, form d by thoſe two Sides, equal; their 
Baſes and other Angles will be equal. 
Prop. 6. 


If two Angles of a Triengle be equal, the 1 


Triangle will be an Tſoſceles, _ 
Prop. 15. 5 

If two Right Lines cut each other, the pe- 
ſite Angles at the Top will be . 


Prop. 18. 
In every Triangle abafever, the greateſt | 
Side is oppoſi ite to oy greateſt Angle. 


WO... 19. 
In eve Triangle, the greateſt 420. is op- 
pos d to 2 an Side. 


Prop. 


15 


wille be equal to two Right 


Propoſitions referr'd to in Euclid. 
Prop. 26. 


F ene Triangle bas ane Side, and imo Au- 
Lles equal to thoſe of another Triangle, tis equal 
to it in all Reſpects. 


If Line cut two Parallel Lines, the Alter- 
nate Angles will be equal, the External Angle 


will be equal to the Internal oppoſite Angle; 


Angles. 
Prop. 32. 
The External Angle of 4 Triangle is equal 


and the two Internal Angles on the ſame ſide 


#0 both the Internal oppoſite Angles taken toge- 
then; and all the three Angles of 4 Triangle 


» 


cn equal to two Right Angles.” 


BG GK WM 


A Line from the Center of a Circle to the 


Point where a Right Line touches it, is perpen- 


_ dicular to that Line, 


cc WL 
| Tf there be a number of Magnitudes how many 


ſoever, Equimultiples to'a like number of Mag- 


nitudes, each to other 5 hom Multiple one Magni 
tude is one, ſo Multiples are all the Magnitude 


to all the other Magnitudes. 


Prop. 8. 


The greater of two Quantities has a greater 
Proportion to the ſame, than the leſs; and the 


ſame Quantity has a leſſer Proportion to the 


greater, than to the leſs. 


Prop. 9. 


2755 Quantities that have the ſame' Proportion to 
another Quantity, or to which. another Quantity 


bas the ſame Proportion, are equal. Prop. 


| 1 


2 
be - 


41 


„ 
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Propoſitions referr'd to in Euclid; 
Prop. 10. 


The Quantity that has the greater Properties ä 


to another, is the greater Quantity; and that 
the leſſer, to which that other en rat the 


greater Proportion. 


Prop. 11. 5 
Proportions that are equal to . are als 
fo equal among ſt themſelves, _ 
Prop. 13. : 
If of two equal Proportions one is greater 


than 4 third, the other will be ſo likewiſe. A* 


Prop. 15. 


Enguimultiples, and ſimilar auge Parti, 4e 
in the ſame Proportion. . 


Prop. 46. 
If four Magnitudes of the ſame Kind + pro- 


Per tional, 2 will be alſo alternatively 01 i 


Prop. 17. 
77 e Quantities be bertel, they 


©. wil be ſo likewiſe, being divided, 


Prop. 18. 


J Ouantities, being divided, be þ proportiona- 


1 5 ble, they will be ſo likewiſe when compounded, 


Prop. 22. 
Ff divers Terms be propos d, and an equal 
Number of others compar d with 'em, ſo that 


thoſe which anſwer to each other in the ſame 
Order be proportional; the Firſts and the A. 


will be alſo proportional. 


BOOK VI. 


Prop. "Rag 
4a Line drawn in 4 Triangle 1 to its 


: Baſe, divides its baes Properitonaly ly , and the 


Line 
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Propofitions referr'd to in Eactid. 
Line that divides the Sides of a Triangle pro- 
e 55 will be parallel to its 94.- 


Prop. 3. 


1 Line that divides an Angle of a Tri angle 


snto two equal Parts, divides its Baſe into two 


Parts which have the ſame Proportion as the 


Sides. And if it divide the Baſe into two Parts 


proportional to the Sides, it will divide the * on 


git into two N Part. 
3 Frop. 4. 
The Sides ＋ equi angular Th angles are pro- 
Prone 1 8 | 


d n Prop. 5. | 


; Triangles, whi ch have ee Si des, are 
Wer N . 


. 5 Prop. 8. 


4 perpendi dramn from the right Pn 
ef a reftangular Triangle to the oppoſite Side, 
| divides the. 7 7 TUE: into two others imilar 
| ro = 


5 2 


Prop. 1 
ge Polygons may be divided into an equal 


Number of Triangles, and are in the duplicate 


2 of their homologous Sides. 


8 O fol K XII. 
. | Prop. 2. 


Circles are in the ſame Proportion a the 
Squares of their Diameters. 1 


Prop. 11. 
Cylinders and Cones of the ſame Height are 


in the ſame Proportion as their Baſes. 


Prop. 14. 


*' Cylinders * Cones having the Tame Baſes, | 
are in the ſame Proportion as their Heights, 
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